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ABSTRACT 
Water, one of the most important resources connected with the 
progress of civi l izat ion, is an extremely precious g i f t of na ture to all 
l iving beings, par t icular ly man. The increasing world wide pressure 
on water resources under condit ions of global change require an 
aggress ive integrated mul t id isc ipl inary approach to address the 
sc ient i f ic and social issues involving water resources . The in tegra ted 
water resource management is one of the major component of 
sus ta inable development strategies. Water resource management must 
be v iewed f rom hol is t ic perspect ive, both in its natural s ta te and in 
balancing compet ing demands for domestic, agr icul tural and others 
uses. 
In India, one of the most out standing ach ievement of the post 
independence era for its green revolution, is by the deve lopment of 
major surface water i rr igat ion systems. But by doing so uni la teral ly , 
it has invited certain problems, which need immedia te a t tent ion. The 
most common problem in our canal command area is that of wa te r 
logging and sal inat ion, which has created hawocks . Keeping this 
perspect ive in view the present study has been carried out to examine 
the d i f fe ren t components control l ing the hydrogeologica l f r ame work 
of the study area. 
The study area covers the northern part of Gandak-Ghagra 
in ter f luve within the revenue boundary of Gapalganj dis t r ic t of Bihar 
State, India. It lies between the lat i tude 26^ 12' and 26° 12' N and 
longi tude 26° 12' and 26° 12' E. The area fal ls under sub- t ropica l to 
sub-humid zone. 
Phys iographica l ly the study area is occupied by f la t a l luvial 
fo rmat ion of cons iderable thickness. The uni formi ty of f la tness is 
quite o f ten dis turbed by marshy lands, natural depress ion, etc. On the 
basis of var ious terrain found in the study area, the in te r f luve can be 
divided into two physiographic units i.e al luvial low tract and Diara 
land. 
Geological ly the entire distr ict is an al luvial f i l l bas in forming 
a part of the vast Indo-Ganget ic alluvial plain. These are recent to 
sub recent deposits , under la in by erosional basement of Vindhyan 
format ion of pre-Cambr ian age. 
Hydrogeologica l cross section and fense diagram revealed the 
aquifer system on a regional scale down to the depth of 200m bgl. 
The aquifer mainly consis ts of alluvial sediments having immense 
lateral and vert ical var ia t ion in their texture and composi t ion. 
The use of surface water in isolat ion has ra ised the 
groundwater level in d i f fe ren t parts of the study area. Depth to water 
level varies f rom 2.05m to 6.65m in pre monsoon and be tween 0 .91m 
to 4 .6m in post monsoon. 
The al t i tude of water table varies f rom 56 .2m amsl at 
Bhagwanpur to 71m amsl at Belwa Tiwari . The f low of g roundwater 
in general is f rom NW to SE. The hydraul ic gradient var ies f rom 
0 .38m/km in Ghagra sub basis to 0.2m/km in Gandak sub basis . It is 
observed that hydraul ic gradient in Gandak sub basis is more in the 
nor thern part i.e. 0.2m/km and less in southern part i .e. O. lm/km. The 
low value of hydraul ic gradient is at tr ibuted to the h igh pe rmeab i l i ty 
of the saturated granular format ion in the study area. 
The seasonal water level f luctuat ions ranges be tween 0 .65m to 
2.3m, the maximum rise is recorded at Fazi l lahpur where as the 
min imum at Sarianpahar. The r is ing trend of the hydrographs 
indicated increased storage, leading to water logging condi t ions , 
which need to be arrested before fur ther aggravat ion. 
There is a gradual decrease in hydraul ic conduct iv i ty of the 
format ion f rom north to south in general and nor th east to south east 
in par t icular . There is a large variat ion in the t ransmiss iv i ty va lue of 
the aquifer , which is at tr ibuted to the grain size and sor t ing of the 
sediments const i tut ing the aquifer system. The t ransmiss iv i ty va lue 
increases south ward f rom 1800m^/day to 2400m^/day but it again 
decrease to 1800m^/day in extreme south. On the basis of 
g roundwater hydraul ics , the aquifer of this in te r f luve can be 
c lass i f ied as phreat ic , Non leaky artesian and leaky ar tes ian aqui fe r . 
The purpose of determining the chemical charac ter i s t ics of 
g roundwater is to unders tand the pattern of chemical qual i ty in the 
area for decipher ing its sui tabil i ty for d i f fe ren t purposes . On the 
basis of data obtained f rom the analysis, it is infer red that all the 
ions, are well within permiss ible limits with few except ion like 
Nit ra te and Fluoride. The higher value of Nitrate was recorded at 
Barkibaghi i.e. 118 mg/1. On the whole Fluoride value ranges 
be tween 0.1 to 1.9 mg/1. Groundwater of the s tudy area is of 
Ca lc ium-Magnes ium-Bicarbona te type. The higher value is a t t r ibuted 
to the possible seepage f rom the adjacent septic tanks con tamina t ing 
the ground water system in a localized fashion . The excess use of 
phosphate in agricul ture may form phosphet ic nodules in the soil. 
This may be the reason for excess f luor ide content in ground water. 
The distr ict has ut i l izable groundwater resources of 583 .7 
MCM, out of which only 220.3 MCM is ut i l ized so far leaving a h u g e 
balance of 363.63 MCM. Hence, there is ample scope of groundwater 
deve lopment in this part of the interf luve. 
By reducing the recharge and increasing the discharge f rom the 
phrea t ic aquifers in the study area the problem of water logging may 
be addressed and the areas, which have become prone to water 
logging may thus be recla imed. 
Present ly, the crop water requirement in the dis t r ic t is 780.62 
MCM, while the avai labi l i ty of groundwater and surface water 583.7 
MCM and 288.51 MCM respect ively. The total ut i l izat ion of 
groundwater and surface water is 220.05 MCM and 214.06 MCM 
respect ive ly . On the basis of crop water r equ i r emen t , , total 
avai labi l i ty of surface and groundwater and the r is ing trend of water 
level two feas ib le scenarios were developed. In the f i rs t scenar io it is 
assumed that if the groundwater ut i l izat ion increases f r o m 50% to 
70% then the addit ional i r r igat ion potential of 130 sq.km may be 
created f rom groundwater , dis tr ibut ing in all the fou r seasons 
sui tably consider ing the groundwater resource avai labi l i ty in space 
and t ime. This would require nearly 85 MCM of addit ional 
g roundwater development . Taking into account the unit d ra f t of 0.36 
MCM, 0.09 MCM and 0.27 MCM for d i f fe rent categories of wel l s , 
454 shal low private tubewell , 578 shallow cavity tubewell and 65 
heavy duty tubewell respect ive ly may be const ructed inorder to 
ut i l ize the proposed 85 MCM. In the second scenario to br ing more 
area under i r r igat ion by increasing the groundwater use and restr ict 
the r is ing trend even if 80% of total potential is ut i l ized, near ly 376 
sq.km addi t ional area may be irr igated through groundwater alone 
which in turn work out to be addit ional harness ing of near ly 244 
MCM of groundwater consider ing the unit draf t of 0 .036 MCM, 0.09 
MCM and 0.27 MCM for d i f fe ren t categories of wel l s . 692 shal low 
tubewel l 883 shal low cavity tubewells and 98 heavy duty tubewel l 
may be const rued in order to uti l ize the proposed 244 MCM of 
groundwater . As 75% of the canal water in a l ready ut i l ized, there is 
not much scope le f t for fur ther ut i l izat ion of canal water . 
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I N T R O D U C T I O N 
Water is the basis of life, why then do we treat water wi th none 
of the reverence that we have for life? We cannot cont inue to 
mismanage this precious resource without devasta t ing consequences . 
With the dawn of the new mil lennium, when the in ternat ional 
sc ient i f ic community is prepared to consider new ways of tackl ing 
water management problems that we have for decades , gives us an 
oppor tuni ty to rededicate ourselves to ensure heal thy water -
ecosystem. 
The increasing world wide pressure on water resources under 
condi t ions of global change require an aggress ive integrated 
approach to address the issues involving water resource management . 
The ground water development activity has to be in ha rmony with the 
environmenta l concern and the social requirement . The desired 
object ive of sustainable ground water development can only be 
achieved when the rural area could reap the bene f i t of the 
development . Such development is to be seen not merely as a single-
sector object ive but as a prime mover in developing larger system 
with mult iple l inkages. This calls for a wel l-set multi d iscipl inary 
research agenda covering not only the technical issues but also issues 
of socio-economic and environmental concern. The sus ta inable 
ground water development strategy should address both the element , 
that is to meet the need of the present generat ion wi thout 
compromis ing the abil i ty of fu ture generat ion for meet ing their own 
need and to el iminate the adverse impact of development on water-
ecosystem on long term basis. 
Over the years , rapid strides have been made in India to mould 
the avai labi l i ty to match count ry ' s manifold water demands. One of 
the most outs tanding achievements of the pos t - independence era has 
been the a t ta inment of se l f - su f f i c iency and export capabi l i ty in food 
grains through green revolut ion. Extension of i r r igat ion faci l i t ies , 
more than three fold , during this period has played a crucial role in 
scal ing this achievement . 
However, still a greater part of the country exper iences drought 
and f lood. Uneven dis t r ibut ion of precipi ta t ion once too of ten , 
exposes our preparedness to face the damaging e f fec t s of drought and 
f lood. Events have proved the sustaining capabi l i ty of ground water 
supply under period of moisture stress. Ground water can play a 
dominant role in minimizing the degradat ion of vegeta t ion and 
consequent ia l socio- economic problems. 
The planning policy for i rr igat ion development pursued so fa r 
in the country has considered ut i l izat ion of surface and ground wate r 
in a lmost isolat ion. Our experience of such development s trategy has 
however not been too sat isfactory. It has resul ted in (a) sizeable 
water logging and sal inizat ion in canal command area (b) inadequate 
and unre l iabi l i ty of surface water availabil i ty during peak demand 
period (c) ground water overdraf t si tuation causing lower ing of water 
table and (d) salinity ingress in coastal aquifers . It is therefore 
imperat ive that an integrated approach has to be adopted while going 
through the panorama of problems and prospects par t icu lar ly fac ing 
our command areas and focus on some of the mi t iga t ion strategy 
which is feas ib le and viable for better water resource management . 
The Indo-ganget ic plain is one of the biggest ground water 
reposi tor ies in the world (Pathak, 1988). The fo rmat ion of Indo-
Ganget ic plain is the result of the deposit ion of te r r igenous clastic 
sediments by the t r ibutaries of Indus, Ganges and Brahamput ra r iver 
system, (Singh, 1992). Such a vast ground water reserve has not been 
proper ly managed and variety of problems have been wi tnessed 
during post independence Era. 
The nor thern part of Gandak-Ghagra in te r f luve within the 
boundary of GOPALGANJ distr ict of Bihar State, India, is also 
exper iencing some of these problems. Keeping this perspec t ive in 
view the present study was carried out to examine the d i f f e ren t 
components control l ing the hydrogeologica l f rame work of this par t 
of GANDAK-GHAGRA inter f luve in general and Gopa lgan j distr ict 
in par t icular , so that an e f fec t ive ground water resource management 
s t ra tegy can be evolved. The hydrogeologica l f r amework of an area is 
essent ia l ly control led by geological setting, dis t r ibut ion of ra infa l l 
and fac i l i t ies of movement of ground water through in ter -connected 
poros i ty of geological fo rmat ion const i tut ing the aqui fer system. 
Hence an at tempt has been made to del ineate potent ia l zones and 
evaluate e f fec t iveness of re levant management s t ra tegy to generate a 
set of cri teria for appl icat ion of the management opt ions to the other 
s imilar command areas of the country. The quali ty aspects have also 
been addressed in detail to examine the uti l i ty of the management 
options in the r ight perspect ive . 
SCOPE OF THE PRESENT WORK: 
In order to mit igate water scarcity, water logging and f lood 
si tuat ion, it is necessary to evolve a viable strategy for ground water 
deve lopment and management , thereby to boost the agr icul ture 
product ion of the study area. To achieve this object ive, it is 
impera t ive to examine the d i f fe ren t components control l ing the 
hydrogeologica l f r amework of the area. 
Such type of study will not only faci l i ta te in unders tanding the 
aquifer geometry and ground water hydraul ics of the region but also 
generate suf f ic ien t data for ensuring the select ion of local i t ies for 
ground water development . This s tudy will also ensure the number of 
ground water s tructures feas ib le in d i f fe rent reaches of command 
area and address the quali ty aspects for evolving ground water 
protect ion and management strategy. The present work consis ts of 
hydrogeologica l mapping, evaluat ion of aquifer parameters , chemical 
analysis of water samples, evaluat ion of groundwater resources and 
generat ion of feas ib le scenario of ground water deve lopment in 
general and integrated water resource development in par t icular . 
STUDY A R E A : 
The study area covers the northern part of Gandak-Ghagra 
in ter f luve within the boundary of Gopalganj distr ict of Bihar, India 
(Fig. 1) and extends between north lati tude 26°12' and 26°39 ' and 
east longi tude 83°54' and 84°55' , fal l ing in survey of India 
topographical sheet no .72B/2 ,B/3 ,B/6 ,B/7 ,B/10 ,B/ l 1 ,B/12,B/15,B/16 
and 63N/14,N/15 . 
It is bounded on the north by state of Uttar Pradesh and 
Pachimi Champaran distr ict . South by Uttar Pradesh, Siwan and 
Saran distr ict , east by Purbi Champaran and Muzaf fa rpur dis t r ic t and 

again west by Uttar Pradesh. The distr ict of Gopalganj is spread over 
an area of 2033 km^. The area is located in sub-tropical to sub-humid 
region of Indo-Ganget ic plain. 
COMMUNICTION: 
Gopalganj town is well connected by Patna the State capital 
through State h ighway and Nat ional highway No. 28. The roads of 
the distr ict are general ly in good condit ion and connect the distr ict 
headquar ters with block headquar ters . The NH-28 connects 
Gopalganj with Motihari and Muzaf fa rpur towns in the east and 
north, whereas it connects Deoria (U.P.) in the west . The State 
h ighway which connects the Gopalganj town with State Capi tal and 
also with the distr ict headquar ter of Siwan district. The three towns 
of the distr ict namely Gopalganj , Mirganj and Barauli are s i tuated on 
the Siwan-Mashrakh-Chapra loop line of the North- Eastern Rai lway. 
METEOROLOGY: 
The cl imate of the distr ict is sub-tropical to sub-humid in 
nature. Hot weather commences f rom mid March, when hot wester ly 
winds of ten accompanied by dust storms begin to b low during the 
day while in the night, wind comes general ly f rom east which drops 
the temperature s ignif icant ly . The nights are generally hot f rom the 
end of May till the onset of monsoon. Rain sets in during the thi rd 
week of June and continues till the end of September . Winter starts 
af ter mid October and lasts till mid March. 
The cl imate is general ly marked as hot and dry, the winter 
tempera ture ranges f rom 16° to as low as 4° C whereas during 
summer the mercury shoots upto 46°C. D u r i i g ra iny season it 
becomes cooler and temperature drops to 35° - 28°C. The relat ive 
humidi ty is at its minimum during April , May and June and at its 
maximum during July and August . The lowest humidi ty dur ing April 
is recorded to be 59% and the highest at 86% during August . 
Rainfal l : 
The precipi ta t ion take place some t ime in the third week of 
June and it last till the end of September by southwest monsoon and 
account almost 80% of the annual rainfal l . The remain ing 20% of 
ra infa l l are received during winter and summer seasons. The average 
annual ra in fa l l of the distr ict is recorded to be 1191.03mm. The 
average annual ra infa l l data of the distr ict for the 26 years per iod is 
summarized in Annexure- I . A cri t ical review of the ra in fa l l data 
reveals that there is very little variat ion in the average annual 
ra infa l l values of d i f fe rent ra in-gauge station^. The lowest value 
recorded at Gopa lgan j being 1049.49mm and the highest 1318.22mm 
at Bhore. In order to unders tand the aerial d is t r ibut ion pat tern of 
average annual ra infal l , Isohytel map (Fig. 2) has been prepared . 
Departures: 
The depar ture and cumulat ive departures f rom the mean annual 
ra infa l l are given in Table-I and shown in Fig. 3 and 4. The depar ture 
show wide variat ion f rom the mean indicat ing the errat ic nature of 
the ra infa l l whereas cumulat ive departures end around the mean 
annual ra infa l l ref lec t ing a cumulat ive compensat ing e f f ec t as far as 
the quantum of excess and def ic i t ra infal l over a longer per iod are 
concerned. 
Variabi l i ty: 
The available average annual ra infal l data of Gopa lgan j dis tr ict 
for the period f rom 1974 to 2001 have been analyzed s ta t i s t ica l ly and 
the results are presented in Table - I I . The Table II revea ls that the 
h ighes t value of ra infal l is recorded to be 1636.71 mm in the year 
1985 and the lowest of 819.51mm in 1992. It reveals a wide variat ion 
in the ra infal l during d i f fe ren t years . The average annual ra infa l l of 
entire distr ict is 1191.03 mm. The standard deviat ion is 193.87. The 
coef f ic ien t of var iat ion of entire distr ict is 16.27%, which is 
considerably low. This suggests that the occurrence of ra infa l l in the 
distr ict is least variable both in space and t ime. 
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Table -I: Rainfall Data Analysis of Gopalganj district. 
MEAN OF 26 YEARS OF RAINFALL (X') =1191.03 mm 
STANDARD DEVIATION =193.87 
COEFFICIENT OF VARITION =16.27% 
Years Average rain fall (X) X-X' Departure Cumulative Depar ture 
1974 1277.8 86.77 0.07 0.07 
1975 1270.1 79.07 0.06 0.13 
1976 1036.22 -154.81 -0.12 0.01 
1977 869.27 -321.76 -0.27 -0.26 
1978 1202.17 11.14 0.00 -0.26 
1979 907.24 -283.79 -0.23 -0.49 
1980 1274.28 83.25 0.06 -0.43 
1981 1291.78 100.75 0.08 -0.35 
1983 990.04 -200.99 -0.16 -0.51 
1985 1636.71 445.68 0.37 -0.14 
1986 1387.54 196.51 0.16 0.02 
1987 1369.77 178.74 0.15 0.17 
1988 1556.75 365.72 0.3 0.47 
1989 1281.78 90.75 0.07 0.54 
1990 1225.06 34.03 0.02 0.56 
1991 1045.38 -145.65 -0.12 0.44 
1992 819.51 -371.52 -0.31 0.13 
1993 1216.06 25.03 0.02 0.15 
1994 1134.31 -56.72 -0.04 0.11 
1995 1206.56 15.53 0.01 0.12 
1996 1125.22 -65.81 -0.05 0.07 
1997 988.45 -202.58 -0.17 -0.1 
1998 1300 108.97 0.09 -0.01 
1999 1087.36 -103.67 -0.08 -0.09 
2000 1314.18 123.15 0.1 0.01 
2001 1153.46 -37.57 -0.03 -0.02 
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Stat is t ical ly the results show the cyclic nature of ra infal l in the 
distr ict . The summarized results of ra infal l analysis are given as 
under. 
Tabie-II: Results of Statistical Analysis of Average Annual 
Rainfall of Gopalganj District. 
Highest ra infa l l (1985) 1636.71 mm 
Lowest ra infa l l (1992) 819.51 mm 
Mean 1191.03 mm 
Standard deviat ion 193.87 mm 
Coef f i c ien t of variat ion (%) 16.27 % 
Drought Analysis: 
Drought , which is essent ia l ly a meteorological phenomenon , is 
being ident i f ied based on d i f fe ren t criteria like def ic iency in ra infa l l , 
durat ion of dry period and lowering of water table, etc. (Ahmed, 
1989). The drought character is t ics and its consequences vary f rom 
area to area depending upon the hydrological , hydrometeoro logica l 
and agrocl imatological condi t ions prevai l ing in the area. With 
developing techniques of operat ional management of water resources, 
a drought condit ion has to be viewed from three d i f fe ren t aspects 
(Upadhya et.al, 1989). 
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i) Agricultural: When soil moisture is inadequate to support healthy 
gro\yth of crops, water table goes deeper and ground water is unable 
to meet the demand. 
ii) Hydrological: When there is marked depletion in the surface 
water resource. 
Hi) Meteorological: When actual rainfall is less than the normal 
(long term climatological mean) by 25% over an area. 
The study area is mainly an agricultural tract and forms 
northern part of Gandak-Ghagra interfluve of Ganga plain. The 
drought analysis is therefore based on agricultural aspects, which 
takes into account the negative departure of rainfal l f rom the mean. 
The classif icat ion of drought based on percentage of the negat ive 
departure of ra infal l f rom mean is given as 
Percentage of Departure Types of Drought 
0 to -25 Mild drought 
-2-5 to -50 Normal drought 
-50 to -75 Severe drought 
-75 to -100 Most severe drought 
16 
Based on the above c lass i f icat ion the f requency and severi ty of 
drought is calculated for Gopalgna j district and presented in Table-
Ill 
T a b l e - I l l : Results of Drought Analysis of Gopalganj District 
Type of Drought Years Frequency of 
Occurrence 
Mild drought (0-25%) 
Normal drought (25-50%) 
Severe drought (50-75) 
Most severe drought (75-100) 
1976,79,83,91,94, 
96,97,99,01 
1977,92 
34.61% 
7.69% 
PEDOLOGY; 
The development of soil of an area can be ascr ibed to d i f fe ren t 
eross ional and deposi t ional agencies . Di f ferent morphologica l uni ts 
have been bestowed with d i f ferent types of soil. Consider ing texture , 
c l imate and pedeogenet ic , the distr ict is character ized by a wide 
var ie ty of soil. The soils of the distr ict are alluvial and vary f rom the 
hard clay found in the low swamps, which is local ly known as 
' B A N G A R ' , to the light sandy loam of the uplands called ' K A C H H ' . 
These soils were t ransported f rom rela t ively younger geologica l 
17 
format ions , which have been predominant ly subjec ted to physical 
weather ing thereby forming soil coarse in texture. Based on the U.S 
survey staff (1975) these soils are broadly grouped into three 
categor ies (Fig. 5) namely (a) Entisols (b) Incept isols (c) Al f i so l s . 
(a) Entisols: 
These are the younger al luvial soils locally known as ' K A C H H ' 
and f r inges the south eastern bank of Gandak in the eastern par t of 
the distr ict . These are def ic ient in Nitrogen, Phosphor ic acid but 
general ly r ich in Potash and Lime. This is general ly a l ight f r iab le 
loam with higher propor t ion of sand and silt. The percentage of clay 
rarely exceeds 35%. They are often associated with calcar ious 
nodules . The younger al luvial soils are laden with moisture , of ten 
render ing these areas f lood prone. The higher content of sand keeps 
the soil, except in r iverbeds, perfect ly drained and make it sui table 
for Autumn and Rabi crops, which do not need much water . These 
soils are most sui table for cul t ivat ion of high y ie ld ing crops like 
sugarcane and wheat . 
(b) Inceptisols: 
These are the calcarious alluvial soils occur most ly in the 
Central part of the distr ict and locally known as ' B A N G A R ' . The 
percentage of both phosphor ic acid and potash are higher in this 
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region and the drainage is of ten poor. This soil is r icher in l ime 
content and kankar than "KACHH". This forms the typical paddy 
land of Bihar. Accumulat ion of salts expressed in the form of 
e f f lo rescence can of ten be observed in isolated patches. The possible 
cause of conspicuous lime propor t ion in the soil seems to be poor 
sub-soi l drainage condit ion owing to impermeable strata underneath 
and lower ra infa l l than adjo in ing areas. The clay and silt percentage 
ranges f rom 30-45%. 
(c) Alf i so ls : 
These are fa i r ly matured soils with developed prof i le , which 
are subjected to cont inuous leaching operation, leading to fo rmat ion 
of calcareous nodules and fe r ruginous clay pans. Textural ly these are 
wel l -dra ined reddish ye l low silty, sandy and clayey laom. Carefu l 
management of this highly permeable soil mantle is impor tant to 
preserve fer t i l i ty in the area. These soils are found in the western 
part of the distr ict . 
DRAINAGE: 
The distr ict is pr incipal ly drained by river Gandak that rises at 
7620m above mean sea level in Tibet near the Nepal-Tibet border 
where the seven main streams unite to form this river. Af t e r pass ing 
through the Deoghat hill 45 km north of Indian Territory, the uni ted 
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Stream f lows southward and reaches the Sumeswar range near 
Tomaspur . Here the descent is very rapid and it passes through a 
narrow gorge between high cl i ffs . The Gandak f ina l ly leaves the hil ls 
at Tribeni , where it is jo ined by the Panchnal and Sonaha, thereby 
named Tribeni or the conf luence of the three streams. 
The present course of the river Gandak forms the eastern and 
nor theas tern boundary of the district . The f low direct ion of this r iver 
is southeas ter ly with an average gradient of 0.28 m/km. The river 
brings a lot of silt, which is deposi ted in the r iverbed resul t ing in 
osci l la t ion of the course, which is now arrested by the cons t ruc t ion 
of Gandak embankment . Apart f rom major river Gandak there is a 
network of ephemeral streams f lowing into Ghagra in Siwan and 
Saran dis t r ic ts (Fig. 6). They are Jharhi, Daha, Gandak, Khanua, 
Ghoghri , Dhamai, Sono and Saran all of them rise near the Gandak 
embankment and have numerous small t r ibutaries emerg ing f rom the 
swamps locally known as "Chaurs" and "Tal". All these ephemeral 
streams are laden with silted water and spread their silt all over the 
distr ict . In course of time their beds get silted and their course start 
shif t ing. During the process of shif t ing of course these r ivers leave 
behind cut -off meanders, abandoned channels and a number of 
marshes local ly known as 'Chau r s ' . These 'Chau r s ' are also 
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responsible for water logging in the area by spreading their span with 
the onset of monsoon and contract to localize themselves during 
summer. Most of these ephemeral streams have their f low direction 
f rom north to south. 
LAND USE: 
In Gopalganj district the socio-cul tural , economic and poli t ical 
fac tors have s ignif icant inf luence over land use in both rural and 
urban areas. The rapid growth of populat ion demands for greater 
product ion by br inging more and more land under cul t ivat ion. From 
block wise details of land ut i l izat ion (Annexure- I I ) it is revealed that 
79 .04% of the total area is net sown. The highest percentage of net 
sowii area is found in Bhore block i.e. 88.41% fol lowed by Kuchaikot 
87.17%, Uchkagaon 85.90%, least being Gopalganj that is 57.68%. 
The highest proport ion of i rr igated area to the geographical area is 
found in the Bhore block account ing for 45.39% fo l lowed by 
Baikunthpur block with 42 .36% and Kuchaikot block i.e 39.61%. The 
proport ion of i rr igated area to the total geographical area is found to 
be lowest in Gopalganj block i.e 19.03%. 
IRRIGATION: 
Irr igation in the area is being carried out by both surface and 
ground water. Shallow and deep tube wells, dug wells and canals 
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form the chief source of the i r r igat ion water supply. It is found that 
the net i rr igated area by the canal is only 329.33 km^ (Table -IV) and 
with span of time and due to non-maintenance of canal it may 
decrease fur ther . Distr ibut ion of canal network can be seen in Fig. 6. 
Tables-IV: Details of Canal Irrigation in Gopalganj District . 
SI. No. Name of the 
Branch Canal 
Irrigation 
Potential 
avai lable 
(Sq.Km) 
Irrigation 
Potential 
created 
(Sq.Km) 
Irrigation 
Potential to 
be created 
(Sq.Km) 
1. Gopalganj 17.99 3.95 14.04 
2. Mathia 8.73 8.73 -
3. Kahla 16.38 - 16.38 
4. Dahimatra 30.48 26.03 4.45 
5. Sukhdeopat t i 39.59 34.93 4.66 
6. Kuchaikot 35.21 32.60 2.61 
7. Bi jaypur 47.79 42.75 5.04 
8. Manipur 51.43 35.24 16.19 
9. Manjha 19.00 14.57 4.43 
10. Brauli 16.15 8.18 7.97 
11. Bankat 38.20 27.43 10.77 
12. Buchia 19.09 19.09 -
13. Bishnupura 30.17 25.23 4.94 
14. Dekuli 25.95 25.95 
15. Dighwa Dubaul i 25.17 23.42 1.75 
16. Mohammadpur 22.54 1.23 21.31 
Total 443.87 329.33 114.54 
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It is imperat ive that opt imum uti l izat ion of water resources 
both surface and ground water is s ingularly vital for the integrated 
and intensive agr icul tural development of the distr ict . Proper water 
management is an essential pre-requis i te for agro-economic 
development of the district . 
PREVIOUS WORK: 
With the aim to have appraisal of technical and economic 
viabi l i ty of ground water development in the distr icts the ers twhi le 
Explora tory Tube Well Organizat ion (ETO) carried out explora t ion 
way back in 1964-68. Later Dutt and Mukhar jee (1977) gave an 
account of ground water development potent ial of Bihar . The Central 
Ground Water Board has carried out reappraisal hydrogeologica l 
survey in 1986-87 to assess the ground water resources of the 
distr ict . Joseph (1988) has made a systematic hydrogeologica l survey 
in parts of Siwan and Gopalganj , districts Bihar. Raza (1992) has 
carried out a detai led study on hydrogeology and ground water 
resources of the district . Later Raza, Tripathi and Upadhay (1993) 
worked on the aquifer geometry and ground water hydraul ics in the 
nor thern part of Gandak-Ghagra interf luve. Prasad and Verma (1987) 
has studied the quaternary geology and geomorphology in Gandak 
basin. Geddes (1960), Sharma and Sharma (1973), Pal and 
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Bhat tarcharya (1979), Srivastava et. al. (1983), Khan et. al. (1988) 
and Ghosh and Singh (1988) discussed d i f f e ren t aspects of 
geomorphology in Ganget ic plain while Rao (1973) made systematic 
study of sub-surface geology of the Indo-Ganget ic plains . A series of 
hydrogeologica l surveys were conducted in Indo-Ganget ic plain by 
Pathak (1982, 1985, 1988) and Pathak et. al. (1985). Singh (1992) 
presented a brief account of the geological evaluat ion of Ganget ic 
plain. Handa (1975, 1983, 1987, 1988) has done a comprehens ive 
work on hydrochemis t ry , ground water pol lut ion and hydrogeology of 
India, in which the chemical quali ty of ground water of the study 
area has also been covered 
Apar t f rom these studies the Ground Water Invest igat ion, 
Minor I r r igat ion Department , Govt, of Bihar (1985) has also carried 
out survey and moni tor ing of their hydrograph stat ions in the distr ict . 
These survey were done mainly for the resource potent ia l with 
special re fe rence to one thousand proposed deep tubewel l in Bihar. 
This s tudy also reveal that the study area forms an al luvial basis of 
Indo ganet ic plain with mainly two types of aquifer sys tems. 
AIMS AND OBJECTIVES: 
During the course of the study, ini t ial ly it was a t tempted to 
def ine the regional aquifer system, quanti tat ive and qual i ta t ive 
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assessment of ground water and f inal ly all the re levant components 
were analyzed to evolve a sui table water resource management option 
for the study area .The distr ict is suf fer ing f rom water logging and 
f looding, leading to environmenta l degradat ion. 
In pursuance to the above facts , detail hdyrogeologica l s tudies 
coupled with determinat ion of aquifer parameters in general and of 
phreat ic aquifer in par t icular were carried out in nor thern parts of 
Gandak-Ghagra in te r f luve within the boundary of Gopa lgan j distr ict 
of Bihar state. This study will also ensure the se lect ion of opt imum 
groundwater s t ructures feas ib le in d i f ferent reaches of the command 
area and address the quali ty aspects for evolving groundwater 
protect ion and management strategy. The main ob jec t ives of the 
study are given as under: 
® Del ineat ion of major aqui fer system in the area. 
e Evaluat ion of aqui fer parameters to establ ish the ground water 
hydraul ics of the area. 
® To study groundwater hydraul ics and behavior of water level in 
t ime and space. 
« Del ineat ion of ground water recharge and discharge areas. 
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® Hydro chemical study for updat ing the status of water quali ty 
in the area. 
Ground water resource est imation. 
• Evaluat ion of feas ible ground water s t ructures for fur ther 
development 
« Evaluat ion of crop water requirement , present avai labi l i ty of 
surface and ground water and present water ut i l izat ion f rom 
d i f fe ren t sources in the area. 
• To generate suitable option for better water management for 
boost ing the agricul tural product ion thereby over all economy 
of the teeming mill ion. 
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Indian subcont inent presents one of the most fasc inat ing 
geologica l var iat ions hardly seen anywhere in the world. The Indian 
subcont inent can be subdivided into three major phys iographic units 
(Fig. 7) i.e. the Extra Peninsular region, Indo-Ganget ic plain and 
Peninsular region. The extra peninsular mounta inous region covering 
Himalayan ranges forms the nor thern boundary of the country. The 
Indo-Ganget ic plain is the extensive al luvial plain of the Ganga, 
Indus and Brahmaputra r ivers stretching across the nor thern India 
f rom Assam and Bengal in the east through Bihar and Uttar Pradesh 
to Pun jab and Sindh in the west. The Peninsular shield covers areas 
south of the Indo-Ganget ic plain. 
The extra peninsular region compris ing Himalyan range are 
said to be the resul t of the compression of the geosyncl inal sediments 
of the Tethys sea due to movement between the great plateau of 
Centra l Asia and the horst of Gondwana land. The Himalayan range 
extends throughout the entire nor thern border of the country f rom 
Kashmir to Arunachal , over 2500 kms in length. The r ivers of this 
region are you thfu l and actively erode their beds, carving out deep 
and steep sided gorges and f low across it in order to jo in the plain. 
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Fig. 7 Physiographic divisions of India 
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The Indo-ganget ic plain lying in between the Peninsular India 
and the Extra Peninsular region is regarded as a major unit in the 
geology of the Indian subcont inent . This plain includes the plains of 
the Indus, Ganga and Brahmaputra . The total area covered by all 
these plain is more than three four th of a mil l ion sq. km. Accounts 
of the aeromagnet ic surveys carried out in the Bengal basin 
(Ramaswamy, 1962), the plain of the Punjab , U.P. and Bihar 
(Sengupta, 1962) and the Brahmaputra val ley in Assam (Crompton, 
1963) and also by Hari Narain (1965) reveals about the depth of 
basement under these plain. Est imates of the th ickness of a l luvium 
have ranged f rom 15 km (Burrard, 1915) to about 4.5 km (Oldham, 
1917). Further Wadia (1966) and Krishnan (1968) has pointed out 
that beneath the al luvium the sedimentary format ion of the Paleozoic , 
Mesozoic and Tert iary age may occur. 
From the avai lable evidences the Indo-Ganget ic pla in is divided 
into four shelf areas separated f rom one another by three t ransverse 
high, the Delh i -Muzzafarnagar r idge, Faizabad r idge and Monghyr-
Saharsa ridge (Fig. 8). 
The Peninsular shield lying in the south of the Indo-Ganget ic 
plain occupying almost the entire south of the country . 
Physiographical ly , it comprises complex associat ion of p la teau . 
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mountains with widely distr ibuted drainage, penepla ins , ancient 
folded mountain , massifs , e longated graben like val ley and coastal 
plains. 
PHYSIOGRAPHY: 
The Gangetic plain occupied the central pos i t ion in the Indo-
Ganget ic plain and extends f rom Delhi r idge in the west to Ra jmahal 
hil ls in the east; Siwalik hills in the north and Bundelkhand-
Vindhyan high land in the south. It is a fore land basin fo rmed in 
response to the Himalayan tectonics. Indo-Ganget ic plain is the 
largest al luvial plain of the world; which has been formed by 
deposi t ion of terr igenous clastic sediments through the s treams of 
Indus, Ganga and Brahmaputra river system (Singh, 1992). The 
al luvial plain shows highly d i f ferent ia ted al luvial geomorphic 
fea tures , many of them formed due to changing cl imat ic condit ion of 
quaternary (Singh, 1987). The north Gangetic pla in in north Bihar 
forms a cont inuous stretch in the northern margin wes tward in U.P. 
and eas twards into the northern part of West Bengal . These plains 
were mainly drained by Ghagra, Gandak, Kosi, Bagmat i etc. The 
plains of eastern U.P. and north Bihar between Himalayan and the 
Ganga consist of the three cone of the Gandak, the Kosi and (in 
parts) composi t ic Mahananda-Tis ta cone. Though no detai led account 
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of the geomorphology and sedimentat ion in the Indo-ganget ic plain is 
avai lable, a broad outl ine is given by Geddes (1960). 
The Ganga plain is f lat and monotonous, though gently 
undulat ing, alluvial plain have an average elevat ion of about 78m 
(Singh, 1983). The plain attains a maximum elevation of about 105m 
in the extreme north, close to the Nepal border. From here it 
g radual ly decreases in elevat ion towards the south so that in the little 
Gandak val ley it has an elevation of about 74 m. (amsl) (Fig. 9) 
Physiographical ly the study area is occupied by f la t a l luvial 
format ion of considerable thickness . The uni formi ty of f la tness is 
quite of ten disturbed by marshy lands, natural depressions, etc, It is 
found that along rivers and stream courses, ravenous topography was 
developed. In the nor thern part of the interf luve, the area is dotted 
with numerous physical manifes ta t ions like ox-bow lakes, abandoned 
channels , etc. On the basis of var ious terrain at tr ibutes found in the 
study area, the in ter f luve can be divided into two phys iographic 
units: -
(a) Alluvial low tract 
(b) Diara land 
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Alluvial low tract: 
River Gandak f lows for a distance of 242 km in the plains f rom 
Balmikinagar to Haj ipur , where it jo ins the Ganga River . This reach 
can be divided into three zones namely Proximal zone. Middle zone 
and Distal zone (Mohindra and Prakash, 1994). This al luvial low 
tract comes under the proximal and middle zone of the reach. These 
are usual ly found in the immediate vicini ty of Gandak, which is 
subjec ted to per iodical submergence by f lood-water . This unit is also 
marked by a number of abandoned channels, point bars, meanders , 
scars, oxbow lakes and f i l led up-channels . 
Diara land: 
These were found on the bed of the r iver Gandak, which are 
nothing but heaps of sands, brought by the r ivers during f lood. They 
gradual ly r ises as water lying stagnant, spread thin layer of clay and 
silt over sand. The alluvial plain, besides being bounded by major 
r ivers , is intersected by numerous water channels , which f lows in the 
south or southeaster ly direct ion and carry off the monsoon run-off 
and remain f i l led with water f rom June to Feb. These swampy lands, 
covering 30-40% area is a part of much larger region extending 
fur ther down stream. There is a gradual slope f rom north western to 
south eastern part of the distr ict where Katea being the highest point 
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i.e. 70.69 m above mean sea level and Fazi l luhpur being the lowest 
point, 57.09 m above mean sea level. The surface gradient of the 
distr ict is 0 .17m/km and thus presents an appearance of a level plain 
with hardly any elevat ion except the mounds, which mark the site of 
old, for t ress or deserted vi l lage (Raza, 1992). 
ORIGIN OF INDO-GANGETIC PLAIN; 
In the classical l i terature, general ized views were expressed 
about the nature of this vast al luvial plain, which has been termed as 
Indo-Ganget ic Trough. It was variously referred to as 'Fore deep' 
(Suess, 1904-1924), 'Rif t ' (Burrard, 1915) or even 'Basin ' , 'Yolked 
basin ' , 'Hal f Graben ' , 'Broad shal low bas in ' (Rao, 1973). At present 
it is general ly accepted that the Ganga basin was fo rmed as a resul t 
of buckl ing down of the nor thern f r inge of the peninsular shield 
thrust over f rom north (Krishnan, 1968). Valdiya et. al (1982) 
in terpreted it as a resul tant e f fec t of sagging of the nor thern f lank of 
the plate form around the Bundelkhand shield fo l lowing the main 
episode of the Himalayan orogeny. 
Presently, Indo-Ganget ic plain is considered a per iphera l fore-
land basin (Dickinson, 1974) formed as a resul t of cont inent-
cont inent col l is ion between Indian and Asian plates. Singh (1988), 
Ghosh and Singh (1988) and Singh (1989) considered the Gange t ic 
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plain as a part of active foreland basin (per ipheral type) developed 
on the under- thrus t ing of Indian plate, in response to the thrust - fold 
belt loading in the Himalayas. During thrus t - fold loading tectonics in 
the Himalaya, the Son-Narmada l ineament , much to the south of the 
fore- land basin was react ivated, causing upl i f t of Bundelkhand-
Vindhyan plateau and development of northerly slope. According to 
Mukher j i (1963) the r iver valley terrace sur face of Ganga river 
occupies very broad val leys and must have been formed under 
condi t ions of much larger discharge in the past , that the present day 
Ganga river carrying lower discharge and making nar row flood 
plains, this seems to be the most acceptable view. 
R E G I O N A L GEOLOGICAL FRAME WORK; 
The distr ict of Gopalganj is in the nor thern part of Gandak-
Ghagra in terf luve. The entire distr ict is an al luvial f i l l basin, 
fo rming a part of the vast Indo-Ganget ic alluvial plain, deposi ted by 
f resh water during the quaternary era in the fo redeep be tween Kaimur 
p la teau and Himalayan range. These are recent to sub recent deposits 
under la in by erosional basement of Vindhyan fo rma t ion of pre-
Cambrian age. The thickness of al luvium is still not yet conf i rmed 
through boreholes but the geophysical probe put it somewhere 
between 1000 m to 2700 m. 
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Lithological ly the entire district is composed of f iner clast ics 
like clay and silt with various grades of sand and gravel associa ted 
with Kankar. The l i thological characteris t ics are mainly governed by 
the deposi t ion and the medium of transport . Marked lateral and 
vert ical var ia t ions in texture and composi t ion of sediments support 
these proposi t ions . The bore holes drilled by CGWB in the distr ict 
down to a depth of 200 mbgl reveal that the granular zone 
encountered at d i f fe rent depth mainly consist of al luvial sediments 
which has got immense lateral and vertical var ia t ion in texture and 
composi t ion. A close look of these l i thologs reveals that the 
thickness of f iner clastics gradual ly increases in the southwestern 
part, whereas in the nor thern and nor thwestern part they occur as thin 
beds of d i f fe ren t size intercalated with sand and kankar. 
LITHOSTRATIGRAPHY: 
The l i tho-s t ra t igraphic sequence establ ished by Prasad and 
Verma (1987) reveals that sequence is marked with a dist inct 
unconformi ty between Pleis tocene and Holocene. During Ple is tocene 
age the sediments were deposi ted in a Paleobasin. These sediments 
consist of yel low compact clay and kankar deposi ted in a f luvia l 
environment . These sediments belong to older al luvium and termed 
as Haj ipur format ion . The Haj ipur format ion is succeeded by 
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oxidized gray silt, s i l tyclay and sandy silt which is termed as 
Vaishal i format ion .In between Vaishali fo rmat ion and Haj ipur 
fo rmat ion a dist inct unconformi ty was observed .Vaishal i format ion 
is over la in by Diara format ion which consist of sand, silt, loam and 
their admixture . Both Vaishal i and Diara fo rmat ions were deposi ted 
during Holocene period. Diara format ion is associa ted with 
morphologica l features such as point bars, channel bars, very recent 
and recent f lood plain deposi ts as valley f i l l of exis t ing rivers. 
Vaishal i format ion is associated with morphologica l fea tures such as 
older levee and valley f i l ls . Haj ipur format ion is associa ted with 
morphologica l features such as f i rm banks of the exis t ing rivers. This 
morphologica l feature s i tuated above Haj ipur fo rmat ion wherever 
exposed but under lying the younger surface e lsewhere . 
Diara format ions are associated with envi ronmenta l hazards 
such as recurr ing severe f lood bank erosion and re -depos i t ion . Both 
Vaishal i and Haj ipur format ions are associated with envi ronmenta l 
hazards such as Lesser f looding, water logging and occasional 
drought . 
The l i thounits of Gandak sub-basin may be co-related with 
morphos t ra t igraphic units and their envi ronmenta l hazards , which is 
given as under. 
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C O N F I G U R A T I O N O F A Q U I F E R S Y S T E M 
Hydrogeological condit ion of an area is essent ial ly control led 
by the geological sett ing, morphogenesis of the terrain, dis t r ibut ion 
of ra infal l and the faci l i t ies of movement of ground water through 
interconnected pr imary and secondary porosi ty of the geological 
format ion const i tut ing the aquifer system. The hydrogeologica l 
scenario of any area, therefore would increasingly embrace 
prognost ic approach on the quant i ty aspect wi thin the f r amework of 
var ious inherent var iables present in the he terogenei ty of the 
interact ive dynamic process. Rainfal l is the pr imary source of 
groundwater recharge. Out of total rainfal l , a part of it direct ly 
evaporates f rom the land surface, part ly absorbed by the vegetat ion 
and another part reaches to the river and ponds as surface runoff . The 
remaining ra inwater goes to groundwater body. 
GANGA PLAIN OF BIHAR: 
The alluvial plain of Ganga basin, occupies a s t ructural trough 
or down warp of earth crust, the origin of which is re lated to plate 
tectonics and Himalayan upl i f t . The Gangetic plain is made up of a 
thick pile of quaternary unconsol idated sediments compris ing clay, 
silt, sand and kankar in varying proport ion and are known to form 
good ground water reposi tor ies . In the Bhabar-Terai belt and major 
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part of Central Ganga Alluvial Plain highly product ive aquifers occur 
with extensive aerial extent. 
The main alluvial tracts of Bihar form a part of the Ganga 
plains both in the north and south of the Ganga. The sub-terai belt 
gradual ly merges with the great alluvial plain buil t up by the river 
system at the edge of peninsular p la t form and the regional down 
warp ing of the fore deep. The alluvial sediments of quaternary age 
fo rm excel lent aquifer system in the Ganget ic plains of Bihar. These 
recent a l luvium format ions can be sub divided into three 
hydrogeologica l units. 
(a) Sub-terai belt of the North Ganga plains. 
(b) Al luvia l sediments of the Central Ganga plains. 
(c) Marginal alluvial tract of the South Ganga plains. 
The northern boundary of the Bhabar belt is general ly marked 
by the southern edge of Siwalik hill ranges and the spring l ines 
character ize the southern limit. The general width of Bhabar belt 
ranges f rom 10-30 kms. The Bhabar belt is composed of p iedmont 
deposi ts formed by lateral coalescence of fan deposi ts of innumerable 
streams emerging out of the hill ranges. Li thological ly , sediments of 
Bhabar belt are mainly composed of boulders and pebbles mixed wi th 
sand. Groundwater in these deposits is most ly unconf ined and the 
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water table is general ly deep being 30 m or more below the land 
surface. 
The Terai fo l lows the Bhabar down slope a lmost every where 
but does not have a un i form width. The spr ing- l ine marks the 
nor thern l imit of the Terai belt. However, the southern l imits are 
about 8 to 16 km wide. The sediments of Terai bel t are 
predominant ly composed of clay with in terca la t ions of sand of 
various grades and occasional pebbles . This belt is character ized by 
the local ized occurrence of au to- f low condi t ions with p iezometr ic 
heads above ground level. The top aquifers are genera l ly unconf ined 
a n d . the water table is normal ly within four metres below land 
surface. The principal aquifers comprise sand of var ious grades and 
gravel occurr ing in the depth range between 25 m to 298 m. The 
p iezometr ic head in the f lowing wells of this belt varied be tween 
1.55 to 8.69 m above ground level while in the non- f lowing wells , it 
ranges between 1.65 and 11.20 m below ground level. Some tube 
wells constructed in this belt gave a f ree f low discharge varying f rom 
90 to 220mVhr and their p iezometr ic heads var ied f rom 1.55 to 8.69 
metres above ground level. The recharge of conf ined aqui fer is 
supposed to be f rom the Bhabar belt. 
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Down slope of Terai, over a greater part of the basin occurs a 
most extensive and widely dis tr ibuted tract of ten cal led the Central 
tract of the great Ganga-plain . This tract occupying the central parts, 
has accumula ted enormous pile of unconsol idated sediments . The 
sediments of this tract are mainly consis t ing sand, gravel , silt and 
clay admixed with kankar. The beds are general ly lent icular and there 
are rapid al terat ions and gradat ions between granular and clayey 
hor izons . This belt is a plain of low rel ief and having numerous 
f luvia l deposi t ional and erosional fea tures . Depth to water level 
genera l ly varies f rom 2 to 12 m below the land surface . Because of 
rapid change in their th ickness and texture of granular zones, there is 
a wide var ia t ion in permeabi l i ty and t ransmiss ib i l i ty of the aquifers . 
The Sub-Terai belt is found to occur in the nor thern part of 
Gandak, Burhi Gandak, Bagmati , Kamla-Balan and Kosi Subbasin, 
which covers the Northern part of West Champaran, East Champaran, 
Si tamarhi , Madhubani , Supaul and Araria distr ict . The deposi ts 
consist of sand and gravels conf ined by clay fo rmat ions along the 
nor thern border of the state except in West Champaran and 
Madhubani distr icts , where there is a predominance of pebbles and 
boulders typical of "Bhabar Region". In this region of Bihar, the 
confined aquifers , however, have yielded some autof low wells . The 
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water table f luctuat ion in the boulder region of West Champaran 
district is of the order of 5 to 10 m. 
GANDAK-GHAGARA INTERFLUVE: 
The Gandak and Ghagra sub-basin in the eastern part of Indo-
Ganget ic plain forms one of the most potent ia l groundwater 
provinces of India. The Gandak-Ghagra in ter f luve covers parts of 
Uttar Pradesh and parts of Bihar State. The major nor thern port ion in 
state of Bihar covers Gopa lgan j district and southern por t ion of this 
in ter f luve is covered by Siwan and Saran distr icts .The study area is 
conf ined in the revenue boundar ies of Gopalganj distr ict of Bihar. 
The thick pile of sediments compris ing sands of various grades forms 
potent ia l aquifer system. These sand layers of quaternary al luvial 
sequence form the major reposi tory of groundwater in the study area. 
These groundwater reposi tor ies occur under unconf ined condi t ions in 
the shal low zone and under semiconfined to conf ined condi t ions in 
the deeper zones. The thickness of the aquifers varies fo rm 10 m to 
112 m, which is mainly control led due to the i r regular s loping nature 
of the bed on which the sediments rest. The composi t ion of the 
sediments is not uniform. Thus the aquifer is he terogeneous in 
nature. These granular zones yielded between 84.0m^/hr to 215m^/hr 
for a drawdown of 9.91 to 18.90 m in 24 hours of pumping observed 
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at the 200m deep exploratory wells drilled by Central Groundwater 
Board. 
AQUIFER GEOMETRY: 
In order to ascertain the sub surface geological f r amework and 
aqui fer disposi t ion in the area, l i thological data of exist ing 
explora tory wel ls and the wells constructed by ers twhi le Explora tory 
Tube-wel l Organizat ion and State Tube-well Corpora t ion in the area 
were ut i l ized and panel diagram (Fig. 10) and geological cross 
sections (Fig. 11) were prepared. The bore hole data of the distr ict 
down to a depth of 200m bgl reveal that the granular zones 
encountered at d i f fe ren t depths mainly consist of al luvial sediments 
which have got immense lateral and vert ical var ia t ions in their 
texture and composi t ion. An appraisal of these bore hole logs show 
that var ious granular zones exist within this depth. A close look of 
these l i thologs reveals that the thickness of f iner clast ics gradual ly 
increased in the southern part, whereas in the nor thern and 
nor thwes tern part they occur as thin beds of d i f f e ren t size 
in tercala ted with sand and kankar. The deposi t ional nature of the 
sediments beyond 200m bgl still remains unascer ta ined. Recent 
geophysical probe indicate that the thickness of the sediments is in 
the order of 1000 to 2700 m. The sub surface geology in respec t of 
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Ghagra and Gandak sub-basin separately indicates the fac ies 
var iat ion and surface water divide which a f fec t the format ion 
underneath . The clay beds pinches out in the sand horizon 
southeastward. The thickness of underlying and over ly ing clay bed 
increased considerably but the impuri ty of clay leads to the format ion 
of aqui tard in the far eastern and western port ion of the area. 
Apart f rom geological section, a panel diagram was prepared 
for a depth range of 50m bgl to delineate the shal low granular zone, 
which can be economical ly tapped by the marginal fa rmers . 
Aquifer Disposit ion in Ghagra Sub-Basin: 
This subbasin covers parts of Gopalganj , Siwan and Saran 
distr icts . The sediments in parts of this subbasin with in the 
boundary of Gopalganj distr ict are thick and known down to 
200m bgl. The geological sect ion along Bi j a ipur -Gopa lgan j axis 
(Fig. 11) exhibi ts heterogeni ty in the character of the aqui fers with 
in tercala t ions of clay and kankar beds increasing eas tward. It may 
therefore , be inferred that there are facies var iat ions along this axis. 
In fact the facies changes little west of Gopa lgan j because the 
surface water divide of Ghagra and Gandak passes through Bheria 
about 4 km west of Gopalganj . In this sub basin the top clay bed is as 
thick as 40 m, and within this clay bed, small lenses of f ine sand and 
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gravel were observed. Af te r this clay bed, gravel and coarse sand 
horizons were encountered in the boreholes around Bi ja ipur which 
forms potent ia l aquifers in the region. However , towards east near 
Uchkagoan, three clay beds in the depth range of 10 to 36, 66 to 90 
and 154 to 166m bgl were encountered in the bore hole and f ina l ly at 
Gopalganj f ive clay beds were encountered in be tween which lenses 
of f ine sand and medium grain sand, associated with kankars are 
not iced. The thickness of granular zone decreases eas tward and 
sort ing of aquifer material becomes poorer. The dominance of f ine 
sand admixed with kankars were also observed in the eastern port ion 
of the Gahgra subbasin. It is inferred that there is one ma jo r aquifer 
system in Ghagra subbasin in the depth range of 50-190m bgl at 
Bi ja ipur . Besides this major aquifer there exists a shal low aquifer 
be tween the depth range of 20 to 30m bgl compris ing f ine to medium 
grained sand admixed with kankars. There are also some small 
granular hor izons of two types either in the form of lenses or thin 
beds of 3 to 5 m thickness in between clay beds. The aqu i fe r between 
50 to 190m bgl is composed of medium to coarse grain sand admixed 
with occasional gravels and kankars. This aquifer at Bi jaipur 
contains f ine sand lenses in between. This aqui fer is par ted into three 
at Uckhagaon by clay beds, exist ing between 47 to 52 and 68 to 
92m bgl and at Gopalganj the thickness of granular hor izon fu r the r 
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decreases with part ing and intercalat ion of as many as f ive clay beds 
making the aquifer system more heterogeneous in character . 
The fence diagram (Fig. 10) prepared for the 50 m th ickness of 
the sediments af ter taking into account the thinner beds exhibi ts more 
or less the similar picture of deposi t ion as depicted by the geological 
sect ion. This is prepared with a view to del ineate the shal low 
aquifers , which can be economical ly uti l ized by the marginal 
farmers . The fence diagram exhibi ts an aquifer in the nor thern part of 
Ghagra sub basin which is composed of f ine sand associa ted with 
sandstone chips in the depth range of 20 to 30m bgl, but this aquifer 
is absent in the southern part of Ghagra subbasin. The aqui fer 
be tween 35 to 50m bgl is composed of coarse sand with occas ional 
kankar which exist in the nor thern part and the same aqui fe r exists 
also in between 18 to 30m bgl in southern part of the basin. 
Aquifer Disposit ion in Gandak Sub-Basin: 
The geological section along Yadavpur-Baikunthpur (Fig. 11) 
is prepared with a view to del ineate the aquifer system in this part of 
the in terf luve. The geological section exhibits two major aquifers 
between depth range of 28.0 to 68.0 and 133 to 190m bgl at 
Yadavpur . The aquifer between 28.0 to 68.0m bgl is composed of 
medium grain sand with kankars and occasional gravel and is 
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overlain and under la in by clay beds. The under ly ing, clay beds 
pinches out in sand horizon and disappears at Barauli , but the 
over lying clay bed continues up to Barauli and then p inches out in 
sand hor izon disappear ing west of Baikunthpur . Similar ly the aquifer 
exis t ing between 133-190m bgl at Yadavpur is composed of coarse 
sand, kankars and occasional gravel and overlain by clay bed which 
pinches out into sand horizons and disappears at Baraul i . These two 
aqui fers merge and form single hydrogeological unit wi th top one 
being medium to f ine sand and the bottom consist of coarse sand and 
gravel. This single aquifer continues up to Baikunthpur . The clay 
part ing diminishes south easterly but th ickness of clay bed exist ing 
at the top and bottom of the aquifer increases considerably 
southeas tward. The number of clay bed found to be four at Yadavpur , 
three at Baraul i and two at Baikunthpur . The cumulat ive th ickness of 
clay" hor izons increases south eastward in the order of 72m at 
Yadavpur , 80m at Barauli and 99m at Baikunthpur , which is more 
real is t ic as per the pr incipal of sedimentat ion. 
The fence diagram (Fig. 10) prepared to del ineate the shallow 
aquifer exibits more or less similar p ic ture as displayed by 
geological sect ion. In the northern part of the basin in the distr ict , 
two aquifers of l imited potential are noticed in the depth range of 10 
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to 14 and 25 to 50m bgl. The top one consists of f iner sediments and 
the bot tom between 29 to 50m bgl is composed of coarser sediments . 
The top one disappear in the central part but again it is not iced in the 
south eastern part in the form of lenses of f ine sand be tween depth 
range of 0 to 12m bgl which might serve only for f i l te r point -wel l 
const ruct ion. The bot tom one appears at Baikunthpur within the 
depth of 45m bgl. 
t^Mi/TiclmcUe/i/ 
G R O U N D W A T E R D Y N A M I C S 
Sub surface openings are large enough to yield water in a 
usable quant i ty to wells and spring underlain nearly every place on 
land surface and thus make groundwater one of the most avai lable 
natural resources . Ground water hydrology deals not only with the 
occurrence of ground water but also its movement . Cont rary to the 
belief of rapid movement , the movement of most ground water is 
exceedingly slow. Hydraul ical ly the ground water system serves two 
funct ion , i.e. it store water to the extent of its poros i ty and it 
t ransmit water f rom recharge areas to discharge areas. Water enters 
the system in recharge areas and move through it, as control led by 
hydraul ic gradient and hydraul ic conductivi ty of the format ion to 
discharge areas. The ground water hydraulics largely depends upon 
the nature of sediments (grain size and sorting) and its deposi t ionai 
setup. Occurrence and movement of ground water in this hydrologica l 
unit is control led by pr imary porosi ty of the sediments. 
The entire funct ion of ground water system can be better 
understood f rom the depth to water level during pre and post 
monsoon periods and the seasonal f luctuat ions in the water levels, 
recorded f rom observat ion wells. 
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DEPTH TO WATER LEVEL: 
Recording of depth to water level is one of the most important 
and common measurements in groundwater inves t igat ion. The depth 
to water level map depicts the regional var ia t ion of depth to water 
level in the region. The water level s tanding in dug wells are 
considered accurate enough to represent the water level . Depth to 
water level in the distr ict is inf luenced by var ious fac tors like 
proximi ty of drainage channel and surface water bodies . Usual ly it is 
less near the surface water bodies like canals and r ivers . This is due 
to the highly porous nature of the format ion in the near vicini ty of 
surface water bodies like canals and rivers. 
Based on the data (Annexure - I I I ) collected during pre and post 
monsoon (2000) period, depth to water level maps (Fig. 12 and 13) 
have been prepared. A perusal of the depth to water level map of pre 
monsoon-2000 (Fig. 12) reveals that the depth to water level in the 
area ranges between 2.5m and 6.65m below ground level . Depth to 
water level is more around Bakhariyan, Mahatwa, Fatehpur and 
Rampur Kala in Bhore and Uchkagaon blocks respec t ive ly in the 
Ghagra sub-basin. In Ghagra sub-basin it become shal lower 
nor thwestward . In Gandak sub-basin the depth to water level 
during premonsoon-2000 is found to be in increasing order f rom 
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northeastern to southwestern direct ion and in the decreasing order 
f rom south to north and f rom northwest to southeast direct ion. The 
depth to water level during this period ranges between 2.31m bgl e.g. 
Katalpur to 4.40m bgl e.g. Chanpatt i . In Gandak sub basin the depth 
to water level is more around Dighwan and Mohammadpur , which is 
at tr ibuted to local ized hydrogeologica l setting. 
During post monsoon period (Fig. 13) the depth to water level 
becomes as shal low as 1.3m bgl at Majhaul ia and as deep as 3.8m bgl 
at Naruchkarwan in Ghaghra sub basin which is a t t r ibuted to the 
inf luent nature of Jharahi r iver and very low draf t of ground water in 
this part of the district during this period. In Gandak sub basin the 
depth to water level is shal lower at Turkaha i.e. 1.4 m below ground 
level. In general it ranges between 1.4 m and 3.75 m below ground 
level. The shal low nature of water level condit ion is at t r ibuted to the 
inf luent nature of Gandak River. 
WATER LEVEL FLUCTUATION: 
The ground water level f luc tua t ion is a func t ion of t ime and 
space in response to precipi ta t ion and groundwater draf t . The change 
in water levels is due to the change in storage of ground water in the 
area. It can also be caused due to excessive wi thdrawal of water f r om 
the aquifer than the quantum of the average annual recharge. The 
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water level f luc tuat ions in response to precipi ta t ion are general ly 
higher in upland and interf luves , which is corresponding to recharge 
zone and least in the valley bottoms and low land areas 
corresponding to discharge zone. The ground water level also r ises in 
the area where surface water i rr igat ion is to a h igher tune as 
compared to ground water i r r igat ion result ing in water logging of the 
area. 
In order to study the behavior of seasonal water level 
f luc tua t ions in Gopalganj district , the f luctuat ion map for the period 
of 2000 (Fig. 14) has been prepared. The map reveals that there is 
not a single place where negat ive f luctuat ion was observed in the 
year 2000. The rise in water table ranges between 0.65 m and 2.3 m. 
The maximum rise is recorded at Fazi l lahpur where as the min imum 
at Sar ianpahar . This Fig. 14 seasonal f luc tua t ion shows the 
un i formi ty in the entire district except at few places , which can be 
at t r ibuted to inf luent contr ibut ion of canals, and ephemera l s t reams. 
LONG TERM FLUCTUATION: 
In order to examine the impact of i rr igat ion through ground 
water and surface water on ground water regime, the depth to water 
level data recorded by Central Ground Water Board f rom their 
hydrograph stat ions spread over the entire study area have been 
60 
O o 
o 
w 
a c: s 
fi o 
=S 
CJ 
3 
O) 
-Si 
u a 
a 
rr 
6JD 
61 
analyzed using Ground water data entry sof tware (GWDES) and 
presented in Tables -Va, Vb, Vc, Vd, Ve, Vf, Vg, Vh, Vi and Vj. The 
long-term water level f luc tuat ions for pre monsoon and post monsoon 
periods were compared separately. The pre monsoon data shows a 
rising trend and in some except ional cases where def ic ient ra infa l l 
was exper ienced the r ising trend continue to sustain but with a l i t t le 
lower values. For example, overall average annual pre-monsoon data 
of 1996 show a rise of 0.075 m whereas during 1997 it was 0 .41m 
and in 1998 0.73 m. During 1999 and 2000 the r ising trend cont inued 
to sustain but with a li t t le lower value of 0.01 and 0.10 m 
respect ively . This is because of the def ic ient ra infal l during 1999. 
The post monsoon data also indicates that the r is ing t rend 
continued intermit tent ly in accordance with the rainfal l and ground 
water draf t s i tuations. There are some negat ive values, which may be 
at t r ibuted to not only def ic ient ra infal l but also excess ground water 
draft on account of non-avai labi l i ty of canal water during that per iod. 
TREND OF WATER LEVEL: 
The hydrograph of twelve observat ion wells have been analyzed 
for a period of ten years i.e. 1991 to 2000, (both pre and post 
monsoon) and presented in Table -VL However, the hydrographs 
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Table-V (a): Depth to Water Level Data of Hydrograph Stations 
(May-96) 
Locations Well No May-95 Nov-95 May-96 
District: Gopalganj 
Water level 
Variation 
May-96 
With respect 
May-95 Nov-95 
1 2 3 4 5 (3-5) (4-5) 
Bangra BGJ11 3 83 3 78 0 05 -
Barauli BGJ08 3 71 2 42 3 67 0 04 -1 25 
Shore BGJ01 4 58 2 25 4 70 -0 12 -2 45 
Chanwabe BGJ13 5 42 2 56 5 41 0 01 -2 85 
Dharamparsa BGJ14 2 85 2 33 2 94 -0 09 -0 61 
Dighwadiquali BGJ09 412 2 64 3 97 015 -1 33 
Katea BGJ05 4 90 2 77 4 81 0 09 -2 04 
Kuchaikot BGJ15 3 32 318 3 1 4 018 0 04 
Manjhwa BGJ10 4 92 2 66 4 76 016 -2 10 
Misirbatha BGJ06 5 44 2 47 5 28 • 0 16 -2 81 
Rampur BGJ12 4 64 2 20 4 45 019 -2 25 
Sasamusa BGJ16 4 44 2 35 4 36 0 08 -2 01 
Table-V (b): Depth to Water Level Data of Hydrograph Stations 
(May-97) 
Locations Well No May-96 Nov-96 May-97 Water level 
Variation 
May-97 
With respect 
May-96 Nov-96 
District: Gopalganj 
1 2 3 4 5 (3-5) (4-5) 
Barauli BGJ08 3 67 1 82 3 24 0 43 -1 42 
Bhore BGJ01 4 70 2 66 4 00 0 70 -1 34 
Chanwabe BGJ13 5 41 1 86 2 74 2 67 -0 88 
Dighwadiquali BGJ09 3 97 1 96 2 87 1 10 -0 91 
Hathua BGJ03 1 82 3 45 - -1 63 
Kuchaikot BGJ15 3 14 2 59 4 75 -1 61 -2 16 
Misirbatha BGJ06 5 28 318 4 80 0 48 -1 62 
Sasamusa BGJ16 4 36 2 84 5 25 -0 89 -2 41 
Source Central Ground Water Board, Faridabad 
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Table-V (c): Depth to Water Level Data of Hydrograph Stations 
(May-98) 
Well No May-97 Nov-97 May-98 Locations 
District: Gopalganj 
Water level 
Variation 
IVIay-98 
With respect 
May-97 Nov-97 
1 2 3 4 5 (3-5) (4-5) 
Bangra BGJ11 - 2 40 3 30 - -0 90 
Barauli BGJ08 3 24 2 49 3 20 0 04 -0 71 
Shore BGJ01 4 00 1 84 211 1 . 8 9 -0 27 
Chanwabe BGJ13 2 74 2 66 3 94 -1 20 -1 28 
Dighwadiquali BGJ09 2 87 212 2 90 -0 03 -0 78 
Katea BGJ05 - 212 2 93 - -0 81 
Kuchaikot BGJ15 4 75 316 311 1 64 0 05 
Misirbatha BGJ06 4 8 2 74 3 83 0 97 -1 09 
Sasamusa BGJ16 5 25 2 82 3 42 1 83 -0 60 
Table-V (d): Depth to Water Level Data of Hydrograph Stations 
(May-99) 
Locations Well No May-98 Nov-98 May-99 
District: Gopalganj 
Water level 
Variation 
May-99 
With respect 
May-98 Nov-98 
1 2 3 4 5 (3-5) (4-5) 
Barauli BGJ08 3 20 1 00 3 04 016 -2 04 
Bhore BGJ01 211 1 20 215 -0 04 -0 95 
Chanwabe BGJ13 3 94 2 40 412 -0 18 -1 72 
Dharamparsa BGJ14 1 32 311 - -1 79 
Dighwadiquali BGJ09 2 90 0 87 2 97 -0 07 -2 10 
Hathua BGJ03 1 74 3 97 - -2 23 
Jalalpur BGJ07A 3 40 - -
Katea BGJ05 2 93 1 10 2 06 0 87 -0 96 
Kuchaikot BGJ15 311 1 28 2 80 0 31 -1 52 
Manjhwa BGJ10A 2 97 - -
Misirbatha BGJ06 3 83 2 43 4 75 -0 92 -2 32 
Mohamadpur BGJ04A 3 30 - -
Rampur BGJ12A 3 97 - -
Sasamusa BGJ16 3 42 1 63 3 44 -0 02 -1 81 
Turkaha BGJ02B 2 29 - -
Source Central Ground Water Board, Fandabad 
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Table-V (e): Depth to Water Level Data of Hydrograph Stations 
(May-00) 
(VIay-99 IMov-99 Locations Well No May-00 
District: Gopalganj 
Water level 
Variation 
May-00 
With respect 
May-99 Nov-99 
1 2 3 4 5 (4-5) 
Bangra BGJ11 2 75 - -
Barauli BGJ08 3 04 1 66 2 74 0 30 -1 08 
Shore BGJ01 215 2 02 013 -
Chanwabe BGJ13 412 2 92 3 97 015 -1 05 
Dharamparsa BGJ14 311 1 50 3 01 010 -1 51 
Dighwadiquali BGJ09 2 97 1 56 2 85 012 -1 29 
Halhua BGJ03A 2 21 4 04 - -1 83 
Jalalpur BGJ07A 3 40 2 30 3 53 -0 13 -1 23 
Katea BGJ05 2 06 216 -0 10 -
Kuchaikot BGJ15 2 80 1 86 2 82 -0 02 -0 96 
Manjhwa BGJ10A 2 97 1 30 2 58 0 39 -1 28 
Misirbatha BGJ06 4 75 2 90 4 57 018 -1 67 
Rampur BGJ12A 3 97 2 29 3 75 0 22 -1 46 
Sasamusa BGJ16 3 44 2 24 3 52 -0 08 -1 28 
Turkaha BGJ02B 2 29 213 016 _ 
Table-V (f): Depth to Water Level Data of Hydrograph Stations 
(Nov-96) 
Locations Well No Nov-95 May-95 Nov-96 
District: Gopalganj 
Water level 
Variation 
Nov-96 
With respect 
Nov-95 May-95 
1 2 3 4 5 (3-t) (4-5) 
Bangra BGJ11 3 83 1 93 - 1 90 
Barauli BGJ08 2 42 3 71 1 82 0 60 1 89 
Bhore BGJ01 2 25 4 58 2 66 -0 41 1 92 
Chanwabe BGJ13 2 56 5 42 1 86 0 70 3 56 
Dharamparsa BGJ14 2 33 2 85 2 31 0 02 0 54 
Dighwadiquali BGJ09 2 64 412 1 96 0 68 216 
Hathua BGJ03 1 47 1 82 -0 35 -
Katea BGJ05 2 77 4 90 2 51 0 26 2 39 
Kuchaikot BGJ15 318 3 32 2 59 0 59 0 73 
Misirbatha BGJ06 2 47 5 44 318 -0 71 2 26 
Sasamusa BGJ16 2 35 4 44 2 84 -0 49 1 60 
Source Central Ground Water Board, Fandabad 
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Table-V (g): Depth to Water Level Data of Hydrograph Stations 
(Nov-97) 
Locations Well No Nov-96 May-96 Nov-97 
District: Gopalganj 
Water level 
Variation 
Nov-97 
With respect 
Nov-96 May-96 
1 2 3 4 5 (3-5) (4-5) 
Bangra BGJ11 1.93 3 78 2 40 -0 47 1 38 
Barauli BGJ08 1 82 3 67 2 49 -0 67 1 18 
Shore BGJ01 2 66 4 70 1 84 0 82 2 86 
Chanwabe BGJ13 1 86 5 41 2 66 -0 80 2 75 
Dharamparsa BGJ14 2 31 2 94 216 015 0 78 
Dighwadiquali BGJ09 1 96 3 97 212 -0 16 1 85 
Hathua BGJ03 1 82 2 05 -0 23 -
Katea BGJ05 2 51 481 2 1 2 0 39 2 69 
Kuchaikot BGJ15 2 59 314 316 -0 57 -0 02 
Misirbatha BGJ06 318 5 28 2 74 0 44 2 54 
Sasamusa BGJ16 2 84 4 36 2 82 0 02 1 54 
Table-V (h): Depth to Water Level Data of Hydrograph Stations 
(Nov-98) 
Locations Weil No Nov-97 May-97 Nov-98 
District: Gopalganj 
Water level 
Variation 
Nov-98 
With respect 
Nov-97 May-97 
1 2 3 4 5 (3-5) (4-5) 
Barauli BGJ08 2 49 3 24 1 00 1 49 2 24 
Bhore BGJ01 1 84 4 00 1 20 0 64 2 80 
Chanwabe BGJ13 2 66 2 74 2 40 0 26 0 34 
Dharamparsa BGJ14 216 1 32 0 84 -
Dighwadiquali BGJ09 212 2 87 0 87 1 25 2 00 
Hathua BGJ03 2 05 3 45 1 74 0 31 1 71 
Katea BGJ05 212 1 10 1 02 -
Kuchaikot BGJ15 316 4 75 1 28 1 88 3 47 
Manjhwa BGJ10 1 12 - -
Misirbatha BGJ06 2 74 4 80 2 43 0 31 2 37 
Rampur BGJ12 1 63 - -
Sasamusa BGJ16 2 82 5 25 1 63 1 19 3 62 
Source Central Ground Water Board, Fandabad 
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Table-V (i): Depth to Water Level Data of Hydrograph Stations 
(Nov-99) 
May-98 Locations Well No Nov-98 Nov-99 
District: Gopalganj 
Water Level 
Variation 
Nov-99 
With respect 
Nov-98 May-98 
1 2 3 4 5 (3-5) (4-5) 
Barauli BGJ08 1 00 3 20 1 66 -0 66 1 54 
Chanwabe BGJ13 2 40 3 94 2 92 -0 52 1 02 
Dharamparsa BGJ14 1 32 1 50 -018 -
Dighwadiquali BGJ09 0 87 2 90 1 56 -0 69 1 34 
Hathua BGJ03A 2 21 - -
Jalalpur BGJ07A 2 30 - -
Kuchaikot BGJ15 1 28 311 1 86 -0 58 1 25 
Manjhwa BGJ10A 1 30 - -
Misirbatha BGJ06 2 43 3 83 2 90 -0 47 0 93 
Rampur BGJ12A 2 29 - -
Sasamusa BGJ16 1 63 3 42 2 24 -0 61 1 18 
Table-V (j): Depth to Water Level Data of Hydrograph Stations 
(Nov-00) 
May-99 Locations Well No Nov-99 Nov-00 
District: Gopalganj 
Water level 
Variation 
Nov-OG 
With respect 
Nov-99 May-99 
1 2 3 4 5 (3-5) (4-5) 
Bangra BGJ11 2 32 - -
Barauli BGJ08 1 66 3 04 2 24 -0 58 0 80 
Bhore BGJ01 215 1 61 - 0 54 
Chanwabe BGJ13 2 92 412 3 36 -0 44 0 76 
Dharamparsa BGJ14 1 50 311 2 59 -1 09 0 52 
Dighwadiquali BGJ09 1 56 2 97 2 21 -0 65 0 76 
Gopalganj BGJ02A 1 37 - -
Hathua BGJ03A 2 21 3 43 -1 22 -
Jalalpur BGJ07A 2 30 3 40 2 35 -0 05 1 05 
Katea BGJ05 2 06 1 96 - 010 
Kuchaikot BGJ15 1 86 2 80 2 42 -0 56 0 38 
Manjhwa BGJ10A 1 30 2 97 1 83 -0 53 1 14 
Misirbatha BGJ06A 3 20 - -
Mohamadpur BGJ04A 3 30 2 35 - 0 95 
Rampur BGJ12A 2 29 3 97 2 70 -0 41 1 27 
Source Central Ground Water Board, Fandabad 
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Table-VI: Trend of Ground Water Level (Pre and post monsoon) 
Period 01-May-91 to 01-May-00 Premonsoon 
Location Well No No of Data Rise Fall Intercept 
(meter/yr) (meter/yr) 01-May-91 
District: Gopalganj 
Bangra BGJ11 6 0 243 4 949 
Barauli BGJ08 10 0 174 4 390 
Shore BGJ01 10 0 302 5 044 
Chanwabe BGJ13 10 0 182 5 370 
Dharamparsa BGJ14 8 0 122 3918 
Dighwadiquali BGJ09 10 0 145 4129 
Hathua BGJ03 8 0 064 4144 
Katea BGJ05 8 0 286 5 038 
Kuchaikot BGJ15 9 0 094 3 889 
Misirbatha BGJ06 10 0 096 5 344 
Rampur BGJ12 5 0144 3 660 
Sasamusa BGJ16 8 0 057 A 272 
Period OI-Nov-91 to 01 -Nov-00 Post monsoon 
Location Well No No of Data Rise Fall Intercept 
(meter/yr) (meter/yr) 01-May-91 
Bangra BGJ11 5 0 159 3 342 
Barauli BGJ08 10 0 127 2 766 
Bhore BGJ01 8 0125 2 647 
Chanwabe BGJ13 10 0 065 3 158 
Dharamparsa BGJ14 9 0171 3 237 
Dighwadiquali BGJ09 9 0 095 2 432 
Hathua BGJ03 8 0 052 2019 
Katea BGJ05 8 0 129 2 856 
Kuchaikot BGJ15 8 0175 3 471 
Manjhwa BGJ10 5 0 346 3 575 
Misirbatha BGJ06 8 0 168 3 825 
Rampur BGJ12 5 0 209 3 092 
Sasamusa BGJ16 8 0 170 3 322 
Source Central Ground Water Board, Faridabad 
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drawn in respect of nine observat ion wells us ing all the avai lable 
data (1989 to 2000) with an exception of observa t ion well at Katea 
for which the data was available right f rom 1976, are presented in 
(Fig. 15a, 15b and 15c). 
Results of the trend analysis for pre monsoon indicates that 
there is a r ise in water levels ranging between 0 .057 m to 0.302 m, 
with an except ion of a hydrograph station at Rampur which indicates 
a fal l of 0.144 m, this may be at t r ibuted to local ized hydrogeologica l 
condit ions. The post monsoon data for the same per iod also show a 
r ising trend between 0.052 to 0.346 m. During post monsoon the well 
at Rampur also show a rise of 0.209 m which conf i rms that the well 
is not a representa t ive one of the said ground water regime, hence it 
may be neglected. 
The r ising trend of the hydrographs (Fig. 15a, 15b and 15c) is 
indicat ive of increase in storage, thereby the s i tuat ion may lead to 
water logging condit ions, which has to be arrested be fo re it is fur ther 
aggravated. The results of the trend analysis has also conf i rmed that 
the r is ing trend will continue if mit igat ion s t ra tegies are not adopted 
through integrated water resource management . The integrated water 
resources management will be discussed in the fo l lowing chapters 
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Fig. 15 (a) Hydrograph of Dighwadiquali, Bangra and Chanwabe 
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Hydrograph of Dharamparsa (BGJ14) 
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Fig. 15 (b) Hydrograph of Dharamparsa, Kuchaikot and Sasamusa 
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Fig. 15 (c) Hydrograph of Bhore, Katea and Baruali 
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and fu tu re scenario will be visual ized and mit igat ion s trategies will 
be suggested accordingly. 
FORM AND SLOPE OF WATER TABLE: 
The study of regional ground water f low in an area plays an 
impor tant role in the explorat ion, exploi ta t ion and conservat ion of 
ground water resources (Sharma and Swamy, 1986). Ground water 
moves in the direction of slope of water table and the slope of water 
table in turns depend upon many factors , such as permeabi l i ty and 
thickness of water bearing mater ials , the topography, l i thology and 
local var ia t ions in the quanti ty of recharge and discharge (Hubbert , 
1940 and Toth, 1962). 
The water table contour (Fig. 16) exhibits clearly the slope of 
water table and the horizontal movement of ground water in the 
direct ion of maximum gradient . The water table contour maps help to 
del ineate areas of recharge and discharge, in v isua l iz ing aerial 
variat ion in the thickness and hydraul ic character is t ics of aquifer , 
locat ing the inf luent and a f f luen t streams. The d ivergence of f low 
lines in water table contour maps indicate a recharge area whereas 
convergence of f low depicts a discharge area. 
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A perusal of the contour in the hydrogeologica l map (Fig. 16) 
reveals that the lowest water table contour value is 56.2 m amsl at 
Bhagwanpur in the south eastern part of the dis tr ict while highest 
value is at Belwa Tiwari of 71 m amsl in ketea block in the north 
western part of the district . The water table slopes in the distr ict is 
little undula t ing and generally fo l lows the topographic conf igura t ion 
of the area. 
Though the direct ion of groundwater f low is more or less 
nor thwest to southeast but still there is dis t inct var ia t ion in the f low 
direct ion of ground water as far as both the sub basins are concerned. 
The f low is NNW-SSE in the Ghagra sub basin whereas it is NW-SE 
in Gandak sub basin. The hydraul ic gradient decreased f rom west to 
east i .e. in Ghagra sub-basin it is 0.38 m/km and in Gandak sub basin 
it decreased to 0.2 m/km. In Gandak sub basin the hydraul ic gradient 
is more in the northern part i.e. 0.2 m/km and least in the southern 
part i .e. 0.1 m/km. The average hydraulic gradient in Gandak sub 
basin is 0.15 m/km. The low value of hydraul ic gradient is at t r ibuted 
to the high permeabi l i ty of the saturated granular fo rmat ion in the 
study area. 
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GROUND WATER HYDRAULICS: 
Ground water hydraul ics is largely control led by the nature of 
sediments (grain size and sort ing) and its deposi t ional setup, which 
essent ia l ly depends on deposi t ional environment . Occurrence and 
movement of ground water in this in ter f luve is pr imar i ly control led 
by pr imary porosi ty and permeabi l i ty of the sediments . The important 
hydraul ic proper t ies of the aquifers are porosi ty , permeabi l i ty , 
t ransmissivi ty , s torat ivi ty, leakage factor , hydraul ic res is tance and 
specif ic capaci ty which have a direct bear ing on the hydrogeologica l 
f r amework of any area. Aquifer per formance tests have been carried 
out at twelve locat ions in the area to evaluate the hydraul ic 
proper t ies of the aquifers (Annexure -IV) . An aqui fer character is t ics 
map (Fig. 17) has been prepared to visual ize the var ia t ion of each 
parameter in d i f fe ren t zones. 
Yield and Specif ic Capacity of Wells: 
The hydraul ic proper ty of the aquifer and the well e f f ic iency 
are the two fac tors ; which control the yield of a well . Step draw 
down tests were conducted on seven locat ions to evaluate the well 
e f f ic iency, specif ic capaci ty and the opt imum yield of wells . The 
summarized results of these tests are given in Annexure-V. 
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Determining the long term optimum yiel^ '^O'i^S-WeiP^om the 
data recorded during a step draw down test is one of the most 
important exercise in ground water hydrology. Two of the most 
important factors that must be considered are (a) the extent to which 
the yield will decrease, if the well is pumped cont inuous ly for a 
period longer than the test period and (b) the e f fec t on yie ld with 
change in that static (regional) water level f rom that exis t ing at the 
time of test. During the present study, data of product ion wel ls used 
to determine the specif ic capacity for d i f ferent steps and at the same 
time well loss (BQ) and format ion loss (CQ^) were evaluated. The 
specif ic capaci ty is the yield per unit of draw down at a par t icu lar 
t ime and is determined as under: 
Speci f ic Capaci ty = Discharge rate/Draw Down 
Q/St 
There will be a decline in specif ic capaci ty with t ime, when a 
well is pumped cont inuously at a constant discharge or increase in 
steps of equal length, keeping the pumping rate constant dur ing each 
steps (Fig. 18). For convenience to prepare the Fig. 18 a value of 
100% was assigned to the specif ic Capacity one hour af ter the start 
of pumping. The rate at which the specif ic Capaci ty decreases 
depends on the decline of the water level due to deplet ion of s torage 
78 
100 
100 
HOURS 
1000 10000 
18 Decline in specific capacity with time at a constant discharge 
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and on the h^^draulic propert ies of the aquifer . Di f fe rences in the rate 
for d i f fe ren t aquifers are indicated by the width of the band (Fig. 18) 
when wi thdrawals are derived f rom the storage the spec i f ic Capacity 
will decrease by about 40% during the year, but it is not possible 
as that storage also changes with seasonal f luc tua t ion of ground 
water recharge. 
The long term yield of the wells are evaluated consider ing the 
changes in the static water level resul t ing f rom seasonal and long 
term f luc tua t ions in recharge and decl ines due to other wi thdrawals 
f rom the aquifer . The long term yield is equal to the product of 
speci f ic capaci ty determined f rom step drawdown test (SDT) and 
reduced as necessary to compensate for long term decline as 
discussed above 
In this in ter f luve the opt imum yield of wel ls varies f rom 132 
m'Vhr to 214m^/hr in Gandak sub-basin and 148m^/hr to 168 mVhr in 
the Ghagra sub-basin with an except ion of Gopa lgan j where the 
aquifer is poor on account of he terogenei ty of the fo rmat ion and the 
opt imum yield of the well is evaluated to be 132m^/hr. There is wide 
var ia t ion in the well e f f ic iency, which is not only control led by the 
nature of the format ion but also the precise cons t ruc t ion of the wells . 
However, these exploratory wells are constructed ef f ic ient ly and the 
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well e f f i c i ency of these wells ranges between 56% and 88%. The well 
e f f ic iency decreases with rate of pumping as wel l ; but for 
convenience, the middle steps have been considered to rate the well 
e f f ic iency of the well . 
Permeabi l i ty: 
Hydraul ic conduct ivi ty or permeabi l i ty is a measure of ease 
with which a f luid moves through format ion and is def ined as the 
amount of f low per unit cross sect ional area under the in f luence of a 
unit gradient and usual ly expressed in m/day. The hydraul ic 
conduct iv i ty depends both upon the propert ies of the f lu id as wel l as 
on the proper t ies of the aquifer . The factors control l ing ground water 
movement were expressed in the form, of an equat ion by a French 
engineer Henery Darcy way back in 1856, is given as under . 
Q = KA (dh/dt) 
Where Q is the quanti ty of water per unit t ime, K is the 
hydraul ic conduct iv i ty which depends on the size and a r rangement of 
the water t ransmit t ing openings (pores and f rac tures ) and dynamic 
character is t ic of f lu id (water) , A is the cross sect ional area at r ight 
angle to the f low direct ion, through which f low occurs and dh/dt is 
the hydraul ic gradient. 
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It is therefore obvious that the permeabi l i ty or hydraul ic 
conduct iv i ty of a format ion will be d i f ferent in d i f f e ren t format ions . 
It may d i f fe r f rom place to place in the same fo rmat ion . When it 
d i f fe rs f rom place to place in the same aquifer , then the aqui fer is 
known as heterogeneous and when it remains same in an area, the 
aqui fer is known as homogenous. Hydraulic conduct iv i ty may also be 
d i f fe ren t in d i f fe ren t direct ions at any place in an aqui fer and the 
aquifer is said to be anisotropic where as if it is same in all the 
direct ion i.e. XYZ then the aquifer is isotropic which is a rare 
phenomena in nature. 
Keeping in view the above facts an at tempt has been made 
during the course of this study to evaluate the value of hydraul ic 
conduct iv i ty of aquifers by conducting pumping test at nine locat ions 
in the in terf luve. The results thus obtained were plot ted on the base 
map and an iso-hydraul ic conduct ivi ty contour map was prepared 
(Fig. 19). 
The map exhibi ts the pat tern of hydraul ic conduct iv i ty of the 
aqui fer belonging to both the sub-basins in the in te r f luve . It is 
observed that values are in decreasing order f rom nor th to south in 
general and nor thwest to southeast in part icular . In Ghagra sub-basin 
it is found to be 82.97 m/day at Bariani Rajaram, 61.38 m/day at 
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Katea and 40.88 m/day at Bi jaipur . Likewise in the eastern f lank it is 
57.54 m/day at Uchkagaon and 31.1 m/day at Hathua. In Gandak sub-
basin it is 68.01 m/day at Yadavpur , 44.29 m/day at Baraul i and 28 
m/day at Baikunthpur . The exception being Gopa lgan j where the 
hydraul ic conduct ivi ty is 25.32 m/day, which is, a t t r ibuted to the 
facies variat ion that makes the aquifer he te rogeneous with poor 
sort ing of the sediments . The southward decrease is a t t r ibuted to the 
deposi t ion of f iner elast ics by the river system reaching their older 
stage. 
• In Gandak sub-basin the values are well in accordance with the 
pr inciple of sedimentat ion and can be at tr ibuted to the deposi t ion of 
f iner clast ics down stream. The slight higher values of hydraul ic 
conduct iv i ty in Ghagra sub-basin are at tr ibuted to the deposi t ion of 
sediments in somewhat later part of the mature stage of the river 
system. 
Transmiss iv i ty: 
C.V. Theis in 1935 f irs t int roduced this hydraul ic character is t ic 
of the aquifer . Transmiss ivi ty can be defined as the rate of the f low 
of water at prevai l ing tempera ture under a uni t hydraul ic gradient 
through a vert ical strip of the aqui fer of unit width and extending 
through the entire saturated thickness of the aqui fer . 
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In other words the product of the average hydraul ic 
conduct iv i ty and the saturated thickness of the aqui fer can be 
expressed as t ransmiss iv i ty i.e. T=Kb; where 'T' is the t ransmiss ivi ty , 
"K" is hydraul ic conduct ivi ty and 'b' is the saturated th ickness of the 
aquifer . The concept of t ransmiss ivi ty holds good in case of 
conf ined aquifers , but in unconf ined aquifers , as the saturated 
th ickness of the aquifer changes with t ime, the T wil l also change 
accordingly since t ransmiss iv i ty depends on hydraul ic conduct iv i ty 
and saturated th ickness of aquifer , its value d i f fe rs f rom format ion to 
format ion and f rom place to place in the same aquifer . It is usual ly 
expressed in m /day. 
To evaluate the t ransmiss iv i ty in the study area, pumping test 
at twelve locat ions were carried out. During the course of pumping 
test, t ime vs draw down plot on double log paper was prepared in 
respect of the observat ion well and the trend of the curve was 
minute ly observed to decide the duration of pumping. Af te r a s teady 
state condit ion was achieved the pumping was stopped and values of 
residual draw down were recorded. During the present s tudy it was 
not iced that steady state condit ion has developed within 1000 
minutes of pumping at most of the locations where conf ined aqui fers 
have been tapped. But to f ind out the leakage f rom the over ly ing 
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aquitard rather conf i rming the phenomenon, longer durat ion of 
pumping has been invoked. In case of such semi conf ined aquifers 
the steady state condit ion reached af ter 1500 minutes or so. 
The time draw down curves so prepared were super imposed on 
var ious type of curves viz; Theis, Walton; Boulton, Huntosh etc. and 
then a match point was recorded and the co-ordinate of the match 
point was used in the d i f fe rent empir ical fo rmula . To calculate 
t ransmiss iv i ty of the format ion, the cross check was made by using 
the t ime ratio Vs residual draw down plot on a semi- log paper and 
applying straight line formula given by Jacob ' s (1946). 
The variat ion in the t rasmiss ivi ty of the aqui fers in the 
in te r f luve is found to be quite large, being as low as 765 m^/day at 
Birchabigha and as high as 3148 m^/day at Baryani Rajaram. To have 
a closer look on the pat tern of the t ransmiss iv i ty of the aquifers in 
the in ter f luve an iso- t ransmiss ivi ty contour map (Fig. 19) was 
prepared. A review of this map reveals that there is gradual decline 
of t ransmiss ivi ty f rom north to south in the Ghagra sub-basin but the 
Gandak sub-basin exhibits a d i f fe ren t picture. Transmiss iv i ty in the 
nor thern part of the sub-basin is around 1800 m^/day and increasing 
southward to reach 2400m^/day but again decreases to 1800 m^/day 
in extreme south. The d i f fe rent ia l decrease is at tr ibuted to the 
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dif ferent ia l in thickness of aquifer on account of increas ing th ickness 
of in tercala t ing clay beds extreme southward and pinching out of the 
same bed in the middle reaches both ways. The two thick clay beds 
encountered at Yadavpur are missing at Brauli and making the 
thickness of the sand horizon large. 
S t o r a g e - C o e f f i c i e n t : 
The storat ivi ty of an aquifer is defined as the volume of water 
that a vert ical column of aqui fer of unit cross-sect ional area releases 
f rom storage or takes into storage as the average head within this 
column decl ines or rises a unit distance. The s torat ivi ty is a 
d imensionless unit as the fo l lowing equation indicates . 
S = Volume of water / (uni t area) (unit head) = mV(m^)(m) 
= m'^/m^ (The numerator and the denominator is canceled) 
Size of the s torage coef f ic ien t depends on whether the aquifer 
is conf ined or unconf ined. When the aquifer is conf ined , the water 
re leased f rom storage when the head declines, comes f rom expansion 
of water and f rom comparison of the aquifer. In conf ined aquifers the 
value of s torat ivi ty is small and generally in the order of 10"'' to 10"''. 
The d i f fe rence between these values and the value due to expansion 
of water is a t t r ibuted to comparison of aquifer . 
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The storage coef f ic ien t Sw for a water table aqui fer is given by 
Sw = Sy + bSs where 'b' is the height of water table above the base of 
the f ree aquifer and 'Sy' is the specif ic yield of the aqui fer . Usually 
Sy > bSs, thus Sw for all pract ical purposes be regarded as the 
spec i f ic yield. The specif ic yield is def ined as the rat io of the volume 
of water that a format ion will yield by gravity to its own volume. In 
other words, it represents very closely the e f fec t ive porosi ty. The 
s torage co-ef f ic ien t in unconf ined aquifer Sw ranges f rom 0.05 to 
0.30. 
Since the unconf ined aquifer is not bounded by conf ining 
layers, the speci f ic yield or storage coef f ic ien t does not depend upon 
the compress ib i l i ty of either the aquifer or the water . The speci f ic 
yield for all practical purposes is same as e f fec t ive porosi ty or 
dra inable porosi ty. Keeping this perspect ive in view the s torage co-
e f f i c ien t was evaluated at eight locat ions in the s tudy area using 
d i f fe ren t methods for d i f fe rent condit ions viz. Theis , Hantosh, 
Boul ton, Walton, Jacobs, etc. 
The storage co-ef f ic ien t of conf ined aqui fer in the Ghagra 
subbasin is in between 1.2 x lO"'' and 4.3 x lO'"*. The storage co-
ef f ic ien t of semiconf ined aquifer is found to be 3.3 x 10'^ in Ghagra 
sub-basin and 2.3 x 10"^ in Gandak sub-basin. The Sp yie ld value of 
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unconf ined aquifers in Ghagra sub-basin ranges f rom l I t o l 3 % and in 
Gandak sub-basin 12-14%. 
AQUIFER CLASIFICATION: 
Phreatic aquifer: 
In Ghagra sub-basin the top aquifer in the depth range of 
30mbgl is invariably in phreat ic condit ion through out the basin. The 
' S ' value of this aquifer is always more than 10"'. The Transmiss ivi ty 
of these aquifers ranges between 500-700 m^/day. The discharge of 
the "wells tapping these aquifers varies between 20-30 m'Vhr for a 
draw down of about 5 m. These aquifers in the close vicini ty of 
major r ivers are potential and can yield up to 50 m^/hr., for a 
re fe rence draw down of 5m. Because the grain size of the sediments 
deposi ted near major river are coarse in nature, the Transmiss iv i ty is 
evaluated to be as high as 700 m^/day. These Transmiss iv i ty values 
were evaluated during the course of the study by conduct ing 
pumping test at shal low tubewells owned by farmers in Diara area. 
In Gandak sub-basin this type of aquifer exists more or less in 
the entire basin, in the depth range of 12-28m bgl. These aquifers are 
composed of f ine sand and kankar and at places medium to coarse 
sand and sand stone chips; especial ly in Diara area are also observed. 
The hydrological test conducted at shallow tubewells dur ing the 
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course of present study reveals that speci f ic y ie ld value of these 
aquifers ranges between 11-14 per cent and t ransmiss iv i ty values 
between 500-700 m"^/hr for a reference draw down of 5.0 m. These 
phreat ic aquifers are uti l ized commonly by fa rmers and tapped in 
their low cost bamboo boring in Diara area. The t ransmiss iv i ty of the 
aqui fer increases towards northeast and decreases in southwest 
direct ion. This increase in the t ransmiss ivi ty is a t t r ibuted to the 
coarser sediment deposited near Gandak river in Diara area and f iner 
sediments away f rom Gandak river. 
Non L e a k y A r t e s i a n A q u i f e r s : 
In Ghagra sub- basin, within the depth range of 50-150m bgl 
non- leaky artesian aquifers exist in the eastern, southern and 
northern part of the basin in the district . The ' S ' value of these 
aqui fe rs was evaluated to be less than lO'"*. There is considerable 
decrease in the Transmissivi ty value in the southern part . This 
decrease is gradual f rom north to south. The h ighes t value is at 
Baraniyan Rajaram being 3148 m /day and least at Hathua being 1284 
m^/day. 
The gradual decrease in the Transmiss iv i ty is a t t r ibuted to poor 
sort ing of the sediments and deposi t ion of f iner clast ics . The 
discharge of the well tapping these aquifers is in the range of 208-
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215m"Vhr for a drawdown ranging between 9.65 - 1 1 . 2 1 m observed 
after 24 hours of pumping was recorded at the exploratory wells of 
CGWB (Annexure- IV) . The well dril led by erstwhile E.T.O. tapping 
these aqui fers yielded between 121-157 m^/hr/m for drawdown of 
4.44 - 4.50 m af ter 240 minutes of pumping. The speci f ic capaci ty of 
the exploratory well dri l led by CGWB at Katea, Uchkagaon and 
Hathua was found to be 21.69, 21.62 and 18.57 mVhr/m of drawdown 
in a pumping span of 24 hrs. The specif ic capacity of the wells 
dri l led by erstwhile ETO at Baraniyan Rajaram, Amtha Bhuvan, 
Bedua and Bircha Bathua was found to be 34.93, 37.5, 27.28 and 
24.46 m^/hr/m of drawdown in pumping span of four hours. These 
data reveal that there is variat ion in specif ic capacit ies f rom place to 
place as a result of variat ion in aquifer disposi t ion; because the 
d ischarge-drawdown relat ion of any well largely depends on the 
const ruct ion of well , type of aquifers tapped in the well and its T and 
S values. 
In Gandak sub-basin, non- leaky artesian aquifers or confined 
aqui fers are not very much prevalent in the basin. They only occur in 
the western part of the basin in the district . It is because the 
conf in ing clay bed in the area is mostly impure and contain silt, 
kankar and sand stone chips which makes the confining layer leaky 
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SO to say an aquitard in the basin. The pecul iar character of these 
aqui fe rs is their low trasmissivi ty value, which is less than 1200 
m^/day (Annexure- IV) . The yield of wells tapping these aqui fers is 
found to be 195m^/hr. for a drawdown of 9.68 m in 900 minutes of 
pumping. The specif ic capaci ty of exploratory well at Gopa lgan j is 
calcula ted to be 20.10 m^/hr/m af ter 900 minutes of pumping. The 
poor sor t ing and deposi t ion of f ine sand may be respons ib le for the 
low t ransmiss iv i ty value. The piezometer ic head of these aquifers is 
found to be quite high as the static water level in the well tapping 
these aquifers is recorded to be as shal low as 3.87m bgl 
(Annexure- IV) . 
L e a k y A r t e s i a n A q u i f e r : 
In leaky artesian aquifers , the aquifer is over la ined or 
under la ined by an aquitard or semi pervious layer th rough which 
ver t ica l leakage takes place due to head d i f fe rence . The permeabi l i ty 
of semi conf in ing layer is small and the hor izonta l component of 
flo\y in it can be neglected. Here the water re leased f r o m storage is 
d ischarged ins tantaneously with decline of head. The discharge of 
water f rom a well in such an aquifer is supplied f r o m storage within 
the aqui fer as well as f rom leakage through the aqui tard . 
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In the Ghagra sub-basin, this type of aquifer exist in the western 
part around Bija ipur block in the depth range of 50-150m gbl. The 
well tapping this type of aquifer yie lded 200 m'Vhr for a draw down 
of 8.62 m in 24 hours of pumping. The Transmiss iv i ty was evaluated 
to be 1472 m^/day. The aquitard was found to be 18.3 m thick with a 
hydraul ic res is tance of 61.14 days and its vert ical hydraul ic 
conductivi ty 2.9 x 10"' m/day. The leakage fac tor of this water 
bearing conf in ing layer was calculated to be 300 m. The speci f ic 
capacity of the well at Bi ja ipur is calculated to be 23.23m^/hr/m of 
draw down of 8.62m in a pumping t ime span of 24 hours . 
In the Gandak sub-basin the conf in ing clay beds are most ly 
impure and contains silt, kankar and sandstone chips which makes 
the confining layer leaky so to say an aquitard. The presence of 
underlying and overlying aquitard creates a semi-conf ined condit ion 
as inferred f rom the trend of t ime-drawdown curve, which always 
matched with the Walton fami ly curve for leaky ar tesian aquifers . 
These aquifers are found to be prevalent in Yadavpur-Baraul i -
Baikunthpur Section. A geological section along the axis is already 
discussed in the proceeding chapter. 
The wells tapping these aquifers yield in the range of 84.2 -
211 m^/hr for a draw down ranging between 18.9-5.61 m af te r 24 hrs 
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of pumping. The Transmissivi ty of these aqui fer ranges between 
1788-2392 m /day and storage co-ef f ic ien t ranges be tween 2 .3x10" , 
4.3x10"^ The thickness of the aquitard increases south eastward in 
the order of 3.1 m at Yadavpur; 12.3 m at Baraul i and 33 m at 
Baikunthpur . Likewise the hydraul ic res is tance and the leakage factor 
of the aquitard also increases south east ward in the order of 89.7 
days and 406 m at Yadavpur, 104.5 days and 500 m at Baraul i in 380 
days and 825 m at Baikunthpur respect ively . Their ver t ical hydraul ic 
conduct iv i ty was calculated to be 3.4 x 10"^ m/day at Yadavpur , 1.17 
X 10'^ m/day at Barauli and 8.6 x 10'^ m/day at Baikunthpur . 
These hydrological data are interest ing as far as the occurrence 
and movement of ground water is concerned. The aqui tard becomes 
thicker in the southeastward direction and in accordance with the 
pr inciple of sedimentat ion. 
^Uo/^^/im/ - V 
H Y D R O C H E M I S T R Y 
Water f requent ly is referred as a universal solvent because of 
its abi l i ty to dissolve at least small amount of a lmost all substances, 
that comes in its contact . The composi t ion and concentra t ion of 
substances dissolved in unpol luted groundwater depend on the 
chemical composi t ion of precipi tat ion, b io logica l and chemical 
react ion occurr ing at land surface and in the soil zone, and on the 
minera l composi t ion of the aquifers and conf in ing beds through 
which the water moves. Development and ut i l iza t ion of the 
groundwater resources could be planned sc ient i f ica l ly only when the 
chemical characters of groundwater are fu l ly known. The quali ty of 
groundwater is described by its physical , chemical and 
microbiologica l propert ies . These character is t ic are so inter l inked 
that the interpretat ion of correlat ion coef f i c i en t be tween water 
qual i ty parameters gives a fair idea about the qual i ty of water that 
fac i l i ta te rapid moni tor ing methods. 
In agricul tural landscapes, topography plays an impor tant role 
in the t ransporta t ion of chemicals to groundwater . The rainwater as 
the main source of recharge to groundwater body gets modif ied in its 
chemical and bacterial characters when it reaches the aquifer system. 
The concentrat ion and f luxes to the water table of chemica ls 
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associated with agricul tural pract ices such as ni t rate , chloride, and 
sulphate, l ikely to increase in depression compared to the 
surrounding uplands (Delin and London, 2002). On the other hand, 
increased urbanizat ion, industr ia l izat ion and modern agricul tural 
pract ices contaminated groundwater considerably with increasing 
concentra t ion of d i f fe ren t metals. The knowledge of chemical quali ty 
of groundwater is therefore essential for evaluat ing its uti l i ty in 
respect of domestic, agricul tural and industr ial purposes (Garrels and 
Christ , 1965; Hem, 1970; Handa, 1972, 1986; Raviprakash and 
Chandu 1993; Sikdar et .al . , 1993; Prasad and Trivedi , 1998). 
The purpose of the present study is to determine the chemical 
character is t ics of groundwater and to unders tand the pat tern of 
chemical quali ty in the area for deciphering the sui tabi l i ty of ground 
water for d i f fe ren t uses. During the present study, water samples 
were col lected f rom 45 representa t ive select locat ions covering the 
entire region. These samples were subjected to chemical analysis . 
The results of the chemical analysis are presented in Annexure -VI . 
GROUNDWATER QUALITY ASSESSMENT 
Physical Parameters: 
Physical character is t ics of groundwater such as colour, odour, 
taste and turbidi ty are s ignif icant for drinking purposes . All 
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groundwater samples of the study area col lected are colourless , 
odourless and the water is fi t for drinking purposes in most part of 
the study area. Temperature so recorded ranges be tween 23° to 27°C. 
C h e m i c a l P a r a m e t e r s : 
During the course of present study the ma jo r ions were 
analyzed as per the standard methods (APHA, 1992,Tr ivedy and 
Goel, 1984). The results of N a \ K", Ca"", HCO3", CI", SO4", N" 
F" were shown in Annexure-VI and dis tr ibut ion of ma jo r ions has 
been presented as Fig. 20a, 20b. 
Besides the above, other chemical parameter l ike pH, E.C, 
CaCOs hardness and TDS have also been determined. 
H y d r o g e n Ion C o n c e n t r a t i o n (pH) : 
Hydrogen ion concentrat ion in water is the logar i thmic 
reciprocal of their weight, measured in gram per liter of water . The 
pH value is a measure of the intensi ty of acidi ty or a lkal ini ty of 
water and is an important indicator of its quali ty (Tr ivedy and Geol, 
1984). The pH value of water is control led by the amount of 
b icarbonate , carbonate and dissolved carbondioxide . The higher pH 
value ref lec ts a period of greater photosynthet ic act ivi ty, which 
ut i l izes CO2, thereby shif t ing the equi l ibr ium towards the a lkal ine 
side (Ruttner , 1953). The highest desirable l imit for publ ic water 
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supply is 7 to 8.5 while maximum permissible l imit is 6.5 to 9.2 
(WHO, 1984). Low pH value gives rise to off taste and promotes 
corrosion. However , as per the US department of interior, the 
permiss ible range is 6.0 to 8.5 According to ISl, 1991, the highest 
desirable l imits ranges in between 6.5 to 8.5, but there is no 
relaxat ion in the maximum permiss ible limit. 
Generally, the groundwater of the study area is alkal ine in 
nature with pH values ranges f rom 7.32 to 8.56 (Annexure -VI) . The 
high value of pH at places can be at tr ibuted to alkal ine earth 
biocarbonate type of groundwater or to the s tagnant condit ion of 
dugwells might have led to this sort of a si tuation. 
Electrical Conduct ivi ty (E.C.): 
The electr ical conduct ivi ty is the abil i ty of groundwater to 
t ransmit electric current. Its measur ing unit is micro s imen/cm at 
25°C (|j.S/cm). It is the most readi ly measurable and also most useful 
single indirect chemical determinat ion that can be made on water. 
The EC with 400 at | iS/cm, 25°C is considered to be most sui table for 
human consumption. The temperature , types of var ious ions present 
in the groundwater and their concentra t ion e f fec t the electr ical 
conduct ivi ty of ground water. Accordingly the concentra t ion of Ca, 
hardness as CaCOg, Mg, SO4, NO3, Na, HCO3, CI have been plot ted 
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against the corresponding conduct ivi ty values in order to ascertain 
the re la t ive ef fec t of these ions on electrical conduct iv i ty (Fig. 21). 
It is observed that the electrical conduct ivi ty values increase with the 
increasing amount of Ca, Hardness, Na, Mg, SO4, HCO3, NO3, CI, 
etc. 
There are other methods for calculat ing the EC values with the 
help of concentra t ion of d i f ferent cat ions and anions presents in the 
groundwater . Logan (1961) has proposed a method re la t ing the ionic 
concentra t ion (epm) with the conductivi ty. 
a. When total epm B (either anion 
or cat ion) is <1.0 
EC = 100 B 
b. When B is between 1.0 and 3.0 EC= 12.27 + 86.388+ 0.835 B 
c. When B is between 3.0 to 10.0 EC= B [95.5 - 5.54 (log B)] 
d. When B exceeds 10.0 and HCO3 
is the dominate anion 
EC = 90.0 B 
e. When B exceeds 10.0 and CI" is 
the .dominant anion 
EC = 123 B ° 
f. When B exceeds 10.0 and SO4 is 
the dominant anion 
E C = 101 
Because the total concentrat ion is meq/1 of the sum to the 
anions usual ly deviated sl ightly f rom that of the cat ions, the value B 
is taken as the average to both sums. The re la t ionships are val id only 
for values of B below 1000 meq/1. 
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The value of electr ical conduct iv i ty of groundwater of the area 
thus calculated has been compared with those measured by the 
conduct ivi ty meter. It is observed that these resul ts are fa i r ly in 
agreement with each other. However, the values shown by the 
conduct ivi ty meter are li t t le higher than those obta ined by the 
appl icat ion of the above formula . It is quite natural also as the 
former are the net results of the e f fec t of the total solut ion in the 
water and the later values are on account of the major ions 
determined by the analysis . 
The EC values range between 600 and 2500 juS/cm in the study 
area (Fig. 22). It has been observed that in major part of the area, the 
EC values are less than 2000 )aS/cm or upto 2000 |aS/cm. At few 
places like Baikunthpur , Mahatwa and Barkibaghi the h ighes t value 
i.e 2200, 2300, 2500 [iS/cm was recorded, which may be at t r ibuted to 
the non-representa t ive samples. The phenomenon can be at t r ibuted to 
the non func t ioning of the dugwells . 
DISTRIBUTION OF MAJOR IONS IN G R O U N D W A T E R 
Calcium: (Ca) 
Calcium is an essent ial element and human body requires 0.7 to 
2.00 gm/day. The main sources of calcium in groundwater are 
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rainwater , leaching f rom fer t i l izers , soil amendments , weather ing of 
si l icate minerals and use of surface water for i r r igat ion. The range of 
calcium content in groundwater is largely dependent on the solubil i ty 
of calcium carbonate, sulphate and very rarely cholor ide . The 
solubil i ty of calcium carbonate varies wide ly with the partial 
pressure of carbondioxide in the air lying in contact with water . The 
maximum desirable limit of calcium in dr inking water is 75 mg/1 
(WHO, 1984; ISI, 1991). 
In the study area, calcium content is found to range between 
55.3 to 128.6 mg/1. It is observed that 80% of the samples exhibit 
calcium content below 100 mg/1 (Annexure-VII ) . The p laces where 
relat ively higher concentrat ion was not iced include Kahala, 
Mohammadpur , Mahatwa, Bathua Bazar, Itwa, Misi rbatha , Shampur 
and Fazi l lahpur . The lowest values were recorded at Mirganj . 
Calcium has tendency to get precipi tated in the fo rm of concret ions 
known as KANKAR. During its contact with clay, part of calcium 
may also undergo ion-exchange react ion that may be the reason for 
the depletion of calcium in groundwater . 
In human body, it is essential for muscular and nervous system, 
cardiac func t ions and in coagulat ion of blood. Low level of calcium 
may have adverse e f fec t on human health. Higher content is also 
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harmful result ing in the format ion of kidney and bladder stone and 
irr i tat ion in ur inary passages. 
M a g n e s i u m (Mg) : 
It is one of the most important const i tuents responsib le for 
hardness of water . The main sources of magnesium in groundwater 
are rainwater , weather ing of magnesium sil icate minera ls present in 
the soils and use of surface water for i rr igat ion. The permiss ib le 
l imit of magnesium for dr inking purpose varies f rom 30 to 150 mg/1 
(WHO, 1984). The Indian Counci l of Medical research ( ICMR, 1975) 
has prescr ibed 50 mg/l as maximum desirable l imit and 100 mg/1 as 
maximum permissible l imit where as the Bureau of Indian standard 
(ISI, 1991) has prescr ibed the maximum desirable l imit of 30 mg/1 
and the maximum permiss ib le l imit of 100 mg/1 for dr inking 
purposes . 
Magnesium content in groundwater of the study area ranges 
f rom 11.69 mg/1 to 90.6 mg/1. These values sa t is fy the WHO standard 
for drinking water supply. It is observed that a lmost 85% of the 
samples have less that 60 mg/1 of magnesium content (Annexure-
VII ) 
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Sod ium (Na) : 
Sodium is found in nearly al l -natural waters and the 
concentra t ion mainly depends on the hydrogeological condi t ions , the 
season of the year and industrial act ivi t ies in the area. The most 
important aspect of sodium in hydrogeology is it being at t imes 
responsible for changing the permeabi l i ty of soils. High sodium 
concentra t ion in water leads to development of a lkal ine soil and due 
to the base exchange phenomenon causes ca lc ium and magnesium 
def ic iency in soils. As per the WHO, 1973 recommenda t ions the 
intake of sodium should be reduced in order to protect human health 
since sodium contr ibuted in the increased incidents of h igher blood 
pressure and is possibly responsible for some cardiac fa i lure . 
Sodium content in the study area varied f rom 11.35mg/l to 
171.3mg/l . More than 80% of the samples show concent ra t ion less 
than- 90mg/l (Annexure-VII ) . The higher value were recorded at 
Baikunthpur , Mahatwa, Bargachia, Kanahwa, Itwa, Barkibaghi , 
Shivpur and Barkagaon while the lowest values were not iced at 
Jagdishpur , Gopalganj , Sipaya, Bathua bazar , Sar ianpahar and 
Mohammadpur . 
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Po ta s s ium (K): . 
The main factor , which is responsible for the scarcity of 
potass ium in groundwater is the resis tance of potass ium minerals to 
decomposi t ion by weather ing (Goldi tch, 1938). The concentra t ion of 
potass ium is generally low in ground water , which n\ay be as a resul t 
of weather ing of clay minerals contains potass ium. Di f fe ren t fac tors 
such as nature of clays, pH, organic matter and mois ture content of 
the soil control the amount of potassium in the soil of s tudy area. 
The concentra t ion in groundwater is general ly low with few 
except ions, which may be due to intensive use of fer t i l izer . The 
analyt ical results indicate that potass ium content in ground water of 
study area varies between 0.34 to 193.7 mg/1. The higher values were 
recorded at Hasanpur, Baikunthpur Mahatwa, Bargachia , Shivpur, 
and Majhaul ia . Almost 85% of the total samples fal l under less than 
50 mg/1 category (Annexure-VII I ) . 
To ta l H a r d n e s s : 
. Hardness is general ly def ined as the calc ium carbonate 
equivalent of calcium and magnesium ions present in water . Total 
hardness is caused by carbonates of calcium, magnes ium, chloride, 
sulphate of calcium and magnesium. In groundwater , hardness is 
pr imari ly due to the presence of bicarbonate , sulphate, chlor ide and 
108 
nitrate of calcium and magnesium (Taylor, 1949). General ly , the 
hardness of water is associated with its behavior towards soap. In 
other words, the soap consuming capacity of water can be taken to 
represent as its hardness (Hem, 1970). The s tandard value for 
hardness at 500 gm/1 as CaCO^ is based on taste and household use 
considera t ion (WHO, 1984) and 600 mg/1 (ISI, 1991; ICMR, 1975). 
The concentrat ion of hardness in the study area ranges f rom 
232 to 584 mg/1. The map (Fig. 23) reveals that ground water in 
major port ion is less than 500 mg/1 as CaCOs with few patches of 
more than 500 mg/1. It may therefore be c lass i f ied as modera te ly hard 
to very hard water. 
B i c a r b o n a t e (HCO3): 
Under usual condit ions the bicarbonates concent ra t ion in 
ra inwater is commonly less than 10 ppm and in ground water it 
ranges f rom 100 to 800 ppm. This is the pr incipal anion and is 
prevalent in groundwater of the study area. The main sources of 
b icarbonate in groundwater include carbondioxide in a tmosphere , 
soil, leaching f rom carbonaceous rocks, and carbondioxide released 
due to bacter ia l oxidat ion of organic matter. 
Bicarbonate concentra t ion in groundwater varies f rom 273 mg/1 
to 650 mg/1. This anion neutral ize the acidity in the groundwater . 
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The dis tr ibut ion map (Fig. 24) show that a lmost 90% of the area has 
bicarbonate concentrat ion upto 500 mg/1. (Annexure -VII ) the 
bicarbonate value were greater with a small patch in the middle part 
of the area. 
C h l o r i d e (Ci) : 
The chloride content in groundwater ranges f rom few ppm in 
snowbed region to over ten t imes of ocean water in desert brines. 
However portable water, by and large contains upto a few hundred 
ppm of chloride. Most of the chlor ide in groundwater is present as 
sodium chloride, but chloride may exceed sodium due to base 
exchange phenomenon. 
According to WHO, 1973, 1984, the chlor ide desirable l imit is 
of 200 mg/1 and the maximum permiss ib le l imit is 600mg/l in 
dr inking water. But according to Indian Council of Medical Research 
(1975), the highest desirable l imit is 200 mg/1 whereas the maximum 
permiss ib le limit is upto 1000 mg/1. The Indian Standard Institute 
1983 and Bureau of Indian Standard, 1991 has given 250 mg/1 as the 
highest desirable limit and 1000 mg/1 as the maximum permissible 
limit for drinking purposes. 
A map was prepared using the analyt ical results (Fig. 25) which 
shows that in 80% of the samples , the concentra t ion of chlor ide in 
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groundwater is upto 200mg/l (Annexure-VII ) except in the western 
part of the study area where the chloride contents goes upto 357.8 
mg/1. Concentrat ion of chloride is well within the safe l imits and is 
f i t for human consumption and irrigation. 
F l u o r i d e (F) : 
The concentrat ion of f luor ide in groundwater is l imi ted due to 
low solubil i ty of most of the f luorides . The solubi l i ty of f luor ide in 
pure water of 25°C is only to the extent of 8.7 ppm of f luor ide 
(Aumeras , 1927). It becomes toxic to animals and human beings 
when present at more than 1 mg/1 concentra t ion in dr inking water 
(Galagan and Vermil l iaan, 1957). According to WHO, 1984 and 
Bureau of Indian Standard, 1991, the highest des i rable l imit is 
between 0.6 to 1.2 mg /I whereas the maximum permiss ib le l imit is 
1.5 mg/1. At level more than 1.5 mg/1, the mott l ing of teeth has been 
repor ted very occasional ly and at 3 to 6 mg/1 which causes skeletal 
f luoros is , when the concentrat ion of 10 mg/1 exceeds, it may cause 
acute skeletal f luorosis making the person cripple. 
The concentrat ion of "F" ranges in the study area between 0.10 
to 1.97 mg/1. The values higher than permiss ible l imits of 1.52 mg/1 
at Hasanpur , 1.97 mg/1 at Bargachia and 1.6 mg/1 at Uchkagaon were 
recorded, where as the lower values are found to be at Math ia 0.1 
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mg/1, Fatehpur 0.14 mg/1, Sasamusa 0.14 mg/1, Baikunthpur 0.15 
mg/1 and Bharkhuaiya 0.20 mg/1. 
S u l p h a t e (SO4): 
High concentrat ion of sulphate is associated with sodium or 
magnesium in the drinking water, might give rise to gas t rointes t inal 
i rr i tat ion (Kakari , 1989). At higher concentra t ions sulphate can have 
a laxat ive ef fec ts (WHO, 1984). The chief sources of sulphate in 
groundwater are: sulphate minerals in sedimentary rocks, oxidat ion 
of sulphate f rom igneous rocks and volcanic emanat ions , some 
amount f rom gypsum, pyrites, fer t i l izers and ra inwater . 
As per the guideline of WHO, 1984, the highest desi rable l imits 
of sulphate concentrat ion is 200 mg/1 and the maximum permiss ible 
limit is of 400 mg/1, where as according to Bureau of Indian Standard 
1991, the highest desirable limit goes 200 mg/1 whi le the maximum 
permiss ib le limit is upto 400 mg/1 if Mg does not exceed 30 mg/1. 
The concentrat ion of sulphate in the study area is wel l with in the 
permiss ible limits. 
N i t r a t e (NO3): 
The most common contaminant ident i f ied in ground water is 
dissolved ni trogen in the form at Nitrates (Allan 1979). Ni t ra te 
toxici ty in humans was f irs t reported by Comly (1945) who 
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diagnosed methaemoglobinaemia in infants exposed to high ni t rate 
containing waters . Nitrate contaminat ion of ten associa ted with 
agr icul tura l act ivi t ies , is a major problem in some shal low aquifers 
and is increas ingly becoming a threat to groundwater supplies 
(Gi l lham and Cherry, 1998; Spalding and Exner, 1991; Wassenaar 
1995). The main sources of ni trates in groundwater of the study area, 
are fe r t i l izers and irr igat ion pract ices. Excessive use of n i t rogenous 
fer t i l izers in agr icul ture has been one of the pr imary sources of high 
nitrate in groundwater (Dc Roo, 1980; Schepers et. al., 1984). 
The value of Nitrate is found to be within the permiss ib le 
l imits in the entire study area with an exception of a h igher value i.e. 
of 118 mg/1 at Barkibaghi . The higher value is a t t r ibuted to the 
poss ible seepage f rom the adjacent septic tanks con tamina t ing the 
ground water system in a localized fashion. 
Total Dissolved Solids (TDS): 
Total dissolved solids indicate the presence of concent ra t ion of 
d i f fe ren t const i tuents in the groundwater . The pr inciple const i tuents 
of TDS include calcium, magnesium, sodium bicarbonate , chloride 
and sulphate. Davis et. al., 1966, c lassif ied the groundwater on the 
basis of TDS values as under. 
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Type of Water Concentrat ion of TDS (mg/1) 
Fresh water 0-1000 
Brackish water 1000-10,000 
Salty water 10,000-100,000 
Brine >100,000 
The quality of water with a TDS level less than 600 mg/1 is 
general ly considered to be good where as that of greater than 1200 
mg/1 makes drinking water nonconsumable (WHO, 1984). The 
permiss ib le limits of TDS in dr inking water prescr ibed by ICMR, 
1975 lies in between 500 to 1500 mg/1. 
The TDS concentra t ion in the study area ranges between 384 to 
1600 mg/1. At few places the TDS value exceed the permiss ib le limit 
of ICMR, 1975. On the basis of Devis c lass i f ica t ion the groundwater 
fa l ls in f resh to brackish water category. The lowest value was 
recorded at Barauli , Mohammadpur , Sasamusa, whi le the highest at 
Barkibaghi . 
TRACE ELEMENTS IN GROUND WATER: 
Heavy metals having densi ty more than f ive t imes higher than 
water are usual ly found in trace amount in na tura l water therefore , 
they are referred as trace elements . Concentra t ion of these e lements 
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play a very important role in the diets of human and animals and in 
the heal thy growth of plants (Handa, 1983). The natural levels of 
these elements are usually harmless to the organisms but the 
popula t ion due to mining activi t ies, industr ial e f f luen ts , agr icul tural 
chemicals and foss i l fue ls have considerably increased their global 
levels. 
Heavy metal dispersion through the drainage basin is general ly 
a func t ion of the hydraul ic condit ions that Control d i f fe ren t 
processes ; i) Dis t r ibut ion, according to par t icular size and densi ty ii) 
mixture process, whereas non polluted sediments are added to f luvia l 
system and iii) s torage and disposi t ion in the pla ins , f luvia l 
subst ra tum, lakes, reservoirs and estuaries (Foster and Char lesworth , 
1996). 
Ground water samples collected during present study were 
analyzed for trace elements (Table-VII) like Zn, Pb, Fe,Cr, Mn and 
Cu . Dispers ion of these elements in ground water of the area, their 
sources and various heal th hazards are discussed below. 
Z inc ( Z n ) : 
Zinc is an essent ial element for plants, animals and man due to 
its important role in the func t ioning of var ious enzymes, prote in 
synthesis and carbohydrate metabolism (Taylor and Demaye, 1980). 
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It p lays vital role in the process of cell divis ion and growth and is 
present in highest concentrat ion in the liver. The total zinc content of 
an adult varies f rom 1.4 to 3.0 gm (Underwood, 1971). Zinc in 
groundwater of the area may be mainly cont r ibuted by the 
agr icul tura l activity. The main sources of zinc in g roundwate r are the 
impuri t ies f rom fert i l izers , fungic ides and sewage s ludge. 
Zinc concentrat ions in ground water ranged f rom 0.2 mg/1 to 
2.01- mg/1 (Table-VII) . Around 64% of the total samples col lected 
have zinc concentrat ion below l.Omg/1. The highest concent ra t ion of 
zinc, 2 .01mg/l was recorded at Maripur and Uchkagaon. ISI (1991) 
and WHO (1984) have prescr ibed zinc concentra t ion of 5.0 mg/1 as 
the highest desirable limit and 15.0mg/l as the max imum permissible 
l imit in drinking water. Concentrat ions of zinc in the study area are 
much less than the desirable l imits. 
L e a d (Pb ) : 
In the study area lead concentrat ion in g roundwater varies f rom 
0.02 to 0.15 mg/1. The concentrat ion of lead, exceeding maximum 
permiss ib le limit (0.1 mg/1) prescribed by WHO (1984) has been 
observed at Manjha , Gopalganj and Sonheria. 
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T a b l e - V I I : D i s t r i b u t i o n of T r a c e E l e m e n t s (mg/1) 
L o c a t i o n s Zn Pb Cu Fe Mn C r 
Dharamparsha 0.8 0,10 0.16 1.1 0.06 0.01 
Barauli 0.5 0.04 0.05 0.6 0.08 0.03 
Mohammadpur 0.4 0.02 0.09 0.7 0.05 0.01 
Dighwadigaul i 0.2 - 0.14 0.8 - 0.02 
Man jha 0.7 0.15 O. l l 0.6 - 0.03 
Gopalganj 1.0 0.12 0.08 0.9 - 0.02 
Sasamusa 0.7 0.06 0.07 0.5 0.06 0.02 
Sipaya 1.4 - 0.05 0.4 0.09 0.02 
Maripur 2.0 - 0.07 0.3 0.07 0.02 
Bhore 0.8 0.04 0.04 0.8 0.05 0.02 
Sohneria 0.4 0.12 0.05 0.2 0.09 0.01 
Uchkagaon 2.0 0.04 0.02 0.2 - 0.04 
Hathua 1.0 - 0.03 0.1 0.04 0.01 
Mirgan j 0.7 0.07 0.05 0.1 - 0.02 
Lead has adverse e f fec t s on human heal th. As a result of 
ingest ion of lead, there may be loss of appeti te, fa t igue , irr i tat ion, 
headache and vomit ing (Stephen, 1972). Chisholm (1971) has 
reported that higher content of lead disrupt the blood enzyme in 
humans and can induce a reduct ion in haemoglobin . 
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I r o n (Fe) ; 
Iron is most ly a natural ly derived meta l l ic pol lu tant which 
owes its origin in water mainly to the sources der ived f rom soil and 
rocks. The corrosion of pipes, pumps and other such s t ructures may 
also increase to the same extent that of the concent ra t ion of iron in 
ground water . 
Iron in ground water is present in varying concent ra t ions f rom 
0.1 to 1.1 mg/1 in the study area. The overal l d is t r ibut ion of iron 
indicates that they are within the permiss ible l imits prescr ibed by 
WHO, 1984 and ISI, 1991, for drinking water supplies . The re la t ively 
higher concentra t ion of Iron has been observed at Dharmparsha . 
C h r o m i u m ( C r ) : 
Chromium is one of the most widely dis t r ibuted heavy metals 
in the earth crust. It is usual ly found in two oxidat ion states i.e. Cr^^ 
and Cr^^. Cr^ "^  gets easily oxidized to Cr^^, which is more toxic. The 
t r ivalent form is not present in waters with a pH greater than 5 due to 
low solubi l i ty of its hydrated oxide (Mc Neely et .al . , 1979). 
Chromium concentrat ion in ground water of the study area 
ranged f rom 0.01 mg/1 to 0.04 mg/1. The h igher concent ra t ion was 
recorded at Uchkagaon which might be due to the perco la t ion of 
polluted water of canals and drain in the area. The places where 
121 
higher values of chromium in ground water have been recorded, 
absorpt ion capacit ies of clays and sand might have been saturated. 
M a n g a n e s e ( M n ) : 
Mangenese concentra t ion in ground water varies be tween 0.04 
to 0.09 mg/1, which is well wi thin the permissible l imits presented by 
WHO and ISI. The highest values were recorded at Sohner ia in Katea 
block. 
Manganese is also an essent ial element for nut r i t ion of man. It 
does not appear to have toxicologica l s ignif icance in dr inking water 
as long as its amount general ly present in natural water remains well 
within the prescr ibed l imits. However , in some cases chronic 
poisoning by manganese may result by its ingest ion mani fes ted in 
progress ive deter iorat ion of central nervous system (Dreishbach, 
1971)Its def ic iency may inhibi t growth, disrupt the nervous system 
and interfere with reproduct ion func t ions (Mc Neely et. al., 1979). 
High concentra t ions of manganese cause manganism, a disease of 
central nervous system involving psychic and neuro log ica l disorders. 
As a result of this there may be irr i tabil i ty, d i f f i cu l ty in walking, 
speech dis turbances , etc. 
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C o p p e r (Cu) : 
Copper is an essential element for plant and human and acts as 
a micronutr ient . Natural sources of copper (weather ing of sulphide 
ores) contr ibute a quite low concentra t ion in groundwater . 
Concent ra t ion of copper in the study area ranged be tween 0 .02mg/ l to 
0.16 mg/1. The analyt ical results (Table-VII ) show that the overal l 
concentra t ion of copper in the area is within the permiss ib le l imits of 
WHO (1984) and ISI (1991) 
Copper is an important metal in human metabol i sm. The daily 
requi rement of copper for an adult is 2.0 mg/1. It has been 
es tabl ished that copper def ic iency is l inked with anaemia, diarrhoea, 
deminera l iza t ion of bones, etc. 
H Y D R O C H E M I C A L F A C I E S : 
The concept of hydrochemical facies was f i r s t conceptua l ized 
by Piper (1944) f rom a some what similar design by Hill (1940), 
which, consist of two lower t r iangular f ie lds and a central diamond 
shaped f ie ld . In order to represent water composi t ion in a convenient 
manner by ident i f iable groups. Back (1961,1966) and Morgan and 
Winner (1962) have also developed the concept of hydrochemica l 
facies . 
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Hydrochemical facies are dist inct zones that have cation and 
anion concentra t ion descr ibable within defined composi t ion 
categories (Allan and Cherry, 1979). The facies are func t ion of 
l i thology, solution kinet ics and f low pattern of the aquifer (Back, 
1966). The water quali ty type can be quickly ident i f ied by the 
locat ion point in the d i f fe ren t zones of the d iamond shape f ie ld 
(Raghunath , 1987). 
The plot t ing of analyt ical data in Piper t r i l inear diagram 
(Fig. 26) indicates that corresponding intersect ion of cat ion and 
anion in the d iamond-shaped f ie ld represent a ca lc ium-magnes ium-
bicarbonate type of groundwater . 
QUALITY OF GROUNDWATER FOR DOMESTIC USE: 
Dif fe ren t nat ional and internat ional Organiza t ions l ike Indian 
Counci l of Medical Research ICMR (1975), Indian Standard 
Inst i tut ion (1983, 1991), World Health Organizat ion (1973, 1984) 
have prepared manuals of s tandard of quali ty for dr inking water . The 
main object ive of these guidel ines is to safeguard the heal th of the 
people and to combat pol lu t ional hazards. In the present study the 
analyt ical results have been compared with ICMR, 1975, WHO, 1984 
and lSI, 1991 (Table -VIII) and it is observed that a lmost every 
chemical const i tuent is within the maximum permissible l imits or j u s t 
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CI -Ca 
Cations Facies 
A. Magnisium type 
B. Calcium type 
C. Sodium or Potassium type 
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Fig. 26 Piper's Trilinear diagram showing chemical character 
of groundwater of the study area 
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exceeding in a few except ional cases. In view of the above 
observat ions it is found that the groundwater in most part of the 
study area is quite suitable for domest ic uses. 
QUALITY OF GROUNDWATER FOR IRRIGATION: 
Quali ty cri teria for i r r igat ional use are based on the tolerance 
of plants , propert ies of soil, c l imate and i r r igat ion pract ices . Ef fec t 
of mineral const i tuent of water on the crop and soil of an area is of 
prime importance while judg ing its sui tabi l i ty for i r r igat ion. 
Factors to be considered in evaluat ing the usefu lness of 
groundwater for i rr igat ion are: the total concentra t ion of dissolved 
solids, the concentrat ion of individual const i tuent , the nature and 
composi t ion of the soil, the topography of the area, the pos i t ion of 
the water table, the amount of groundwater used and method of 
applying it, the kind of crop grown and the cl imate of the area and 
the method of the crop management (Walton, 1970). 
In order to ascertain the sui tabi l i ty of g roundwater in the 
study area for agricul tural use, relat ive propor t ion of sodium to other 
cation sodium absorpt ion ratio (SAR) and residual sodium carbonate 
(RSC) (Richard (ed), 1954) have been determined and been 
interpreted in the light of guidel ine proposed by d i f fe rent workers 
and organizat ions. The permeabi l i ty index (PI) which a f fec t the soil 
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by long term use of i rr igat ion water lias also been determined and 
c lass i f ied accordingly. 
Sa l in i ty and Sod ium H a z a r d s : 
I r r igat ion water is one of the major contr ibutor of soluble salts 
to the soils in addit ion to those already present. It is the water that is 
removed by evaporat ion or t ranspirat ion, and these two processes 
control the degree of osmotic stress to which plant wil l be exposed. 
Sui tabi l i ty of ground water for agricultural purposes could better be 
assessed by sodium absorpt ion ratio (SAR) because of its direct 
re la t ion with the adsorpt ion of sodium soil and expressed as: 
SAR = Na/V(Ca + Mg)/2 
Where in all ionic concentrat ions are expressed in epm the 
qual i ty c lass i f ica t ion of i rr igat ion water as suggested by US salinity 
labora tory is given in Table-IX. 
T a b l e - I X : Q u a l i t y C l a s s i f i c a t i o n of I r r i g a t i o n W a t e r 
( A f t e r U . S . S . L 1954) 
Sal inity Hazards (EC in uS/cm) Alkali Hazards (SAR) Water class 
<250 (Ci) <10 (S.) Excellent 
250-750 (C2) 10-18 (S2) Good 
750-2250 (C3) 18-26 (S3) Moderate 
>2250 (C4) >26 (S4) Poor 
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The observed value (Annexure-VIII) of the study area were 
plotted as US salinity diagram (Fig. 27) which indicate the salinity 
and alkali hazards. A perusal of the Table-IX and Fig. 27 reveals that 
the groundwater of the area comes under the categories of C3-S1, Cj-
Si and C4-S1 which is a zone of good water quality class. The SAR 
values of all 45 samples are less than 10. Which indicate that the 
quali ty of water is suitable for all types of crops and all types of 
soils except for those corps, which are highly sensit ive to sodium. 
Goel (1997) has suggested the criteria based on d i f fe ren t chemical 
const i tuents and SAR values for irrigation purposes (Table-X). A 
perusal of the Table-X and the present observat ions reveal that the 
water quali ty falls in the permissible class for irr igation purposes . 
T a b l e - X : Su i tab i l i ty of W a t e r for I r r i g a t i o n w i t h D i f f e r e n t 
Va lues of SAR (Goel , 1997) 
SAR Suitability for Irrigation 
0-10 Suitable for all type of crops and all types of soil except 
for those crops which are highly sensit ive to sodium. 
10-18 Suitable for coarse textured or organic soil with good 
permeabil i ty. Relatively unsuitable in f ine textured soil. 
18-26 Harmful for almost all types of soil required good drainage, 
high leaching and gypsum addition 
> 26 Unsuitable for irrigation 
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S pecif ic conductance in ju S /c m at 2 5 C 
100 2 3 A 5 6 7 8 1000 2 3 A 5 0 0 0 
S a l i n i t y h a z a r d 
Fig. 27 Plots of SAR values against E.G. values 
(U.S. salinity laboratory diagram) 
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Sod ium P e r c e n t ( % N a ) : 
Presence of sodium ion in water is general ly respons ib le for 
a f fec t ing the physical condit ions of the soil as it rep laces calc ium ion 
f rom the soil and makes it a sodium soil. The concent ra t ion of 
sodium is important in c lass i fy ing an i r r igat ion water because it 
reduces the permeabi l i ty of soils (Todd, 1980). The sodium content 
in water can be denoted by percent sodium. 
% Na = 
(Na + K)100 
Ca + Mg + Na + K 
Wilcox (1955) has given a c lass i f icat ion based on sodium 
percentage and electrical conduct ivi ty of water for i r r igat ion 
(Table-XI) . 
Table-XI: Quality Classif ication of Water for Irrigation 
(Wilcox, 1955) 
W a t e r Class % Na E C iiS/cm 
Excel lent <20 <250 
Good 20-40 250-750 
Permiss ible 40-60 750-2000 
Doubt fu l 60-80 2000-3000 
Unsui table >80 >3000 
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The analytical values of sodium percentage (Annexure -VI I I ) 
and electr ical conduct ivi ty were compared on Wi lcox diagram 
(Fig. 28). The diagram reveals that most of the samples comes under 
the good to permissible and excellent to good class of Wilcox 
c lass i f ica t ion with a few except ion which is a t t r ibuted to the non-
func t ion ing of the dugwell . 
R e s i d u a l Sodium C a r b o n a t e (RSC) : 
The carbonate and bicarbonate hazards of water qual i ty can be 
determined in terms of residual sodium carbonate (RSC) which is 
def ined as-
RSC = (C0"3 + HCO'a) - (Ca" ' + Mg"^) 
Eaton (1950) suggested that water having carbonate and 
b icarbonate ions in excess of Ca and Mg will lead to much greater 
alkali format ion than indicated by its SAR, thereby decreas ing soil 
permeabi l i ty . United State Salini ty Laboratory s taf f (1954) observed 
that in water containing more than 2.5 epm of RSC is genera l ly not 
sui table for irr igation, 1.25 to 2.5 epm is marg ina l and that 
conta in ing less than 1.25 epm is absolutely safe for i r r igat ion. 
In present invest igat ion RSC values at most of the places were 
found to be negative except in 7 samples out of 45 which has less 
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than 1.25 RSC values. (Annexure-VIII) indicat ing thereby that the 
groundwater is suitable for i rr igat ion purposes. 
Permeabi l i ty Index (PI): 
Doneen (1964) has evolved a cri ter ion for assess ing the 
sui tabi l i ty of water for i rr igat ion based on permeabi l i ty index (P.l) . 
Which may def ined as-
P1 = 
(Na + HC03)x 100 
Ca + Mg + Na 
The soil permeabi l i ty is a f fec ted by long term use of i r r igat ion 
water. It is inf luenced by sodium, calcium, Magnes ium, and 
b icarbonate contents of the soil. On the basis of P.I values of the 
study area, the groundwater on the whole may be designated as class 
II (25 to 75%) of Doneen c lass i f ica t ion (Annexure -VIII) . 
^Ua^fi^- VI 
G R O U N D W A T E R R E S O U R C E A S S E S S M E N T 
The contr ibut ion of ground water i rr igat ion to achieve self-
suf f ic iency in food grain product ion in the pos t - independence era is 
phenomenal . In future the groundwater u t i l iza t ion is l ikely to 
increase manifo ld for than expansion of i rr igated agr icul ture and to 
achieve the Nat ional target of food product ion. Al though the 
groundwater is annually replenishable resource; its avai labi l i ty is 
non-un i fo rm in space and time. Hence precise es t imat ion of ground 
water resource and irr igat ion potent ial is pre- requis i te fo r planning 
its development and management . 
For the quant i f ica t ion of groundwater resource , proper 
unders tanding of behavior and character is t ics of the water bearing 
format ions is essential . An aquifer has two main func t ions i.e conduit 
func t ion and storage funct ions . These funct ions of the aquifer system 
in the in terf luve have been discussed quite e labora te ly in the 
preceding chapters. 
Ground water resource in unconf ined aquifers can be c lass i f ied 
as static and dynamic. The static resource is the amount of water 
avai lable below the zone of water level f luc tua t ion . The dynamic 
resource is the amount of water available in the zone of water level 
f luctuat ion, whereas the dynamic resource is annually or per iod ica l ly 
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replenished by precipi tat ion, irr igation return f low, canal seepage, 
tank seepage, inf luent seepage, etc. Ground water avai lable in 
conf ined aquifer is the amount of water equals to the rate of f low of 
ground water through this aquifer . 
GROUND WATER RESOURCE ASSESSMENT IN CONFINED 
AQUIFER: 
The groundwater available in a confined aqu i fe r s equal the rate 
of f low of groundwater through this aquifer . The rate of ground water 
f low avai lable for development in a confined aqui fer in any area can 
be es t imated by using Darcy ' s Law as fol lows: 
Q = TIL 
Where 
Q = Rate of f low through cross section of aqui fer in m^/day 
T = Transmissivi ty in m^/day 
I = Hydraulic gradient m/km 
L = Average width of cross section in km. 
The t ransmissivi ty is computed f rom pumping test data of 
tubewel ls . Leakage f rom overlying or underlying aqui fer may also be 
accounted for in the calculation of groundwater avai lable for 
development in a confined aquifer . The tubewel l draf t tapping a 
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deeper conf ined aquifer may be treated separa te ly and may be 
accounted for at the t ime of quanti tat ive assessment of deeper 
conf ined aquifer . The total draf t of these tubewel ls may be taken as 
gross d ra f t of which 30% may be taken recycled and may be added as 
recharge to water table aquifers . The ut i l izable recharge may be 
taken as 85% of the total groundwater f low avai lable for 
development . 
• The computat ion of lateral f low in the conf ined aqui fer may be 
done by f low net analysis method by comput ing all the parameters 
re f lec ted in Darcy ' s formula . However, for working out the op t imum 
development of the conf ined aquifers , it is desirable that the recharge 
area of the conf ined aquifers may be demarcated, the average annual 
recharge to the conf ined aquifer in this recharge area es t imated. The 
extent of development of this aquifer may be l imited to the amount of 
recharge mentioned above. 
During the present course of study it was fe l t that the prac t ica l 
ut i l i ty of the est imate is minimal, rel iabi l i ty of the es t imate is also 
doubt fu l in view of the d i f f icu l ty of del ineat ing the conf ined and 
unconf ined parts and or the recharge and discharge parts. It was also 
fel t that there is possibi l i ty of duplication of resource es t imat ion as 
the f low which enters the conf ined aquifer is a l ready est imate unde r 
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unconf ined aquifer part due to their in ter re la t ionship . Hence the 
est imat ion of groundwater resource in conf ined and semi-conf ined 
aqui fer was not at tempted. However, if the need arise in fu ture the 
above methodology can be adopted to est imate this resource as well . 
G R O U N D WATER RESOURCE ASSESSMENT IN UNCONFINED 
AQUIFER: 
It is preferred that ground water recharge be es t imated on water 
level f luc tua t ion and specif ic yield approach since this method takes 
into account the response of ground water levels to groundwater 
input and output components , and as such appears more scient if ic , 
real is t ic and directly measurable , unlike other approaches where 
assumpt ions need to be made for most of the components . This 
requires adequately spaced setting up of observat ion wells and water 
level records for a suf f ic ien t ly long per iod. As per the 
recommendat ion of Groundwater Est imation Commit tee (1997) one 
observat ion well per 100 sq. km or three observat ion wells per unit 
which ever is more should be set-up. During the present course of 
study 57 observat ion wells were setup in an area of 2033 sq.km. The 
more number of observation wells were es tabl ished so that the data 
obtained f rom 25 observation wells es tabl ished by the Central 
Ground Water Board (CGWB) can be cal ibrated to examine the long-
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term trend of water level f luc tuat ion in the region. Since the area 
fal ls under Gandak canal command, recharge f rom other sources has 
also been included, e.g. recharge from canal seepage, recharge due to 
return f low from surface water irr igation and ground water i r r igat ion, 
recharge f rom storage tanks and ponds and recharge f rom water 
conservat ion structures. 
Recharge f rom ra infa l l 
Rrf = h X Sy X A + D g - Rc - Rsw - Rt ~ Rgw ~ Rwc 
Where 
Rrf = Recharge f rom rainfal l 
Rc = Recharge due to seepage f rom canals 
Rsw = Recharge f rom surface water i rr igat ion 
Rt = Recharge f rom storage tank and Ponds 
Rgw = Recharge f rom groundwater i rr igat ion 
Rwc = Recharge f rom water conservat ion s t ructures 
Dg = Gross draft in command area 
h = Rise in ground water level in command area 
A = Area of command area for recharge assessment 
Sy = specif ic yield. 
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In the above equation, all quanti t ies re fe r to the monsoon 
season only. The rainfal l recharge obtained by above equation 
provides the recharge in any part icular monsoon season for the 
associa ted monsoon season rainfal l . This es t imate has been 
normal ized for the normal monsoon season ra infa l l , which in turn is 
obta ined as the average of the monsoon season ra infa l l for the recent 
26 years . 
The normalizat ion procedure requires that, a set of pairs of data 
on recharge and associated ra infa l l be f i rs t obtained. To e l iminate the 
ef fec ts of drought or surplus years, it is considered that the ra infa l l 
recharge during monsoon season is est imated not only for the current 
year for which assessment is being made, but also for at least four 
more preceding years. This will result in at least 5 pairs of data. If 
the current assessment year and the four preceding years , that are 
un i fo rmly dry years or wet years then it is desirable to consider more 
than 5 years for normalizat ion. 
Let Rj be the rainfal l recharge and r; be the assoc ia ted rainfal l . 
The subscript i takes values 1 to N. Where N is usual ly at least 5. 
The ra infa l l recharge Ri is obtained by the equat ion: 
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R, = h X Sy X A + Dg - R gw - R uc - Rt - Rc - R sw 
R, = Rainfal l recharge est imated for the par t icular year 
h = Rise in groundwater level in the monsoon season for the 
i^ *" part icular year 
Rc = Recharge due to seapage from canal for the i ^^  par t icular 
year 
Sy = Specif ic yield 
A = Area for computat ion of recharge 
Rsw = Recharge f rom surface water i rr igat ion for the i^ *" 
part icular year . 
Dg = Gross ground water draf t in monsoon season for the i*'' 
par t icular year 
Rgw = Recharge f rom groundwater irr igat ion in the monsoon 
season for the i^ *" par t icular year. 
Rwc = Recharge f rom water conservat ion s t ructures in the 
monsoon season for the i^'' part icular year . 
Rt = Recharge f rom tanks and ponds in the monsoon season for 
the i^ *" part icular year. 
• Those pairs of data in which Ri is greater than zero should be 
considered and the negat ive or nearly zero value pair should be 
omitted for fur ther computat ions in the normal izat ion procedure . It 
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is also possible that all the Rj values obtained are consis tent ly 
negat ive or nearly zero. In such a case ins tead of water table 
f luc tua t ion method, rainfal l inf i l t ra t ion factor method can be used. 
Af t e r omit t ing pair of data (which have a nega t ive value) a 
normal iza t ion procedure is to be carried out for ob ta in ing the ra infa l l 
recharge corresponding to the normal monsoon season ra infa l l . Let r 
(normal) be the normal monsoon season rainfal l ob ta ined on the basis 
of recent 26 years of monsoon season ra infa l l data. The methods used 
for computat ion, the normal izat ion procedures adopted are as 
fo l lows: 
The f i rs t method is based on linear re la t ionsh ip between 
recharge and ra infa l l and is represented where: 
R = ar 
R = Rainfal l recharge during monsoon season 
r = Monsoon season rainfal l 
a = Constant 
For comput ing the equation each pair of R; and ri are used to 
obtain Rrf (normal) 
r (normal) 
[Rrf (normal)] = Ri x 
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N 
X {Rrf (normal)} 
i - 1 
[Rrf (normal)] = 
N 
The second method is also based on a l inear re la t ion, using 
two constants a and b which have been obtained f rom linear 
regress ion analysis and that are presented below: 
Where 
R = ar + b 
R = Rainfal l recharge 
r = Rainfa l l 
a and b = constant 
For comput ing the above equation fo l lowing terms are computed. 
N N 
S i = Z r , S2 = I R, 
• i = l i= l 
N N 
S3 =Z r^ S4 = I r. R, 
i= l i= l 
The regress ion constant 'a' and 'b; are computed as: 
NS4 - S1S2 a 
NS3 - S,^ 
S2 - aS, 
b = 
N 
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Then Rrf (normal) = a x r (normal) + b is computed 
Finally the total recharge during the monsoon for the normal 
monsoon season rainfal l obtained as under 
R (normal) = Rrf (normal) + Rc + Rsw + Rt + Rgw + Rwc 
R (normal) = Total recharge during the monsoon season 
Rrf (normal) = Rainfal l recharge during monsoon season for 
normal monsoon season ra infa l l 
Rc = Recharge due to seepage f rom canals in the 
monsoon season for the year of assessment . 
Rs^ v Recharge f rom surface water i r r igat ion in the 
monsoon season for the year of assessment 
Rt = Recharge f rom tanks and ponds in the monsoon 
season for the year of assessment 
Rgw = Recharge f rom ground water i r r igat ion in the 
monsoon season for the year of assessment 
Rwc = Recharge f rom water conservat ion s t ructures in the 
monsoon season for the year of assessment . 
From the hydrograph of the selected observat ion well as 
discussed in the preceding paragraphs, it has been poss ib le to 
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monitor the behavior of water level in the district during pre and post 
monsoon periods. The long term water level trend and the behavior in 
response to d i f fe rent recharge and draf t factor , has been analyzed 
with the help of data of observat ion wells es tabl ished by CGWB in 
the area. The resource est imation made was based on the 
methodology mentioned in the preceding paragraphs. The water level 
f luc tua t ion method was adopted and only the resource of unconf ined 
aqui fer has been est imated and presented in (Annexure- IX) . To 
est imate the irr igat ion potent ial , crop water requirement has also 
been evaluated based on the. cropping pat tern of the area. The 
fo l lowing parameters have been precisely evaluated for the purpose 
of resource evaluat ion: 
i. Total geographical area. 
ii. Aerial extent of d i f fe ren t aquifer . 
iii. Ground water worthy area in d i f ferent hydrogeologica l sub-
provinces. 
iv. Specif ic yield of format ions . 
V. Seasonal water level f luctuat ions . 
vi. Seepage f rom canal, recycled i rr igat ion water and seepage 
f rom surface water bodies. 
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vii. Crop water requirements 
viii. Ground water draf t 
The specif ic yield of the format ion evaluated in the distr ict is 
found to range between 11 to 14%. The gross annual draf t was 
evaluated on the basis of the number of ground water s t ructures 
exis t ing in the area. The 20% of the gross annual draf t is presumed to 
be recharging the ground water body. The gross annual draf t by the 
ground water s tructures in the district was calculated a f te r carrying 
out a random sampling of discharge of d i f fe ren t ground water 
s tructures. These results of random sampling in respect of d i f fe ren t 
ground water s tructures are given as under: 
Type of ground water 
structures 
Range of command 
area (ha) 
Annual draft 
(in ha.m) 
Deep tubewell 35-50 10-20 
Shal low tubewell 1.5-3.0 0.5-1.5 
Bamboo boring 1.5-3.0 0.5-1.5 
Dug well 0.5-1.0 0 .025-0.5 
A perusal of the (Annexure- IX) and (Fig. 29) reveals that in 
Baraul i block, ut i l izable ground water resources is as high as 83.76 
MCM while in Uchkagaon block it is as low as 44.24 MCM. The net 
draf t through d i f ferent s t ructures is only 37 .6% in the distr ict , 
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leaving a huge balance of 62.4% for fur ther development . If we 
assume that there will be development at the rate of 2% per year then 
also all the blocks of the district will remain white i.e having ground 
water development below 65%. 
- VII 
G R O U N D W A T E R M A N A G E M E N T 
Over the past few decades, ground water deve lopment has 
played an important role in stabil izing the growth of Indian 
agricul ture and mit igat ion of drought, in addit ion to the pivotal role 
of supplying dr inking water to the rural and urban agglomera tes . The 
number of groundwater structures have increased mani fo ld in the 
post independence era and overdraf t situation and water logging have 
become major issues in some locations. The rapid pace of water 
resources development during the past decades has led to many 
problems. Especia l ly the development of ground water and surface 
water in complete isolat ion has created problems like water logging, 
soil sal ini ty etc. Further high intensi ty of i r r igat ion wi thout 
adequate drainage also results in up-coning of water table resul t ing 
in water logging and related problems. Over use of fe r t i l i zers ; 
pes t ic ides / insect ic ides , pollut ion due to human and animal was tes 
have resul ted in high level of nitrate and phosphate in ground water 
in these areas. 
For assessing groundwater development potent ia l i t ies of any 
area", it is important to establish the aquifer geometry , determine the 
l i thological variat ion and evaluate the hydraul ic character is t ics of the 
aquifer , average natural recharge and discharge and the qual i ty of 
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water. On the basis of these aspects , which have already been 
discussed in the preceding chapters, it has been observed that a huge 
quantum of ground water is avai lable in the area for fur ther 
development . It is found that none of the block fa l l s under dark or 
gray category at present and even af ter f ive years at the assumed rate 
of development of 2% per year, they will remain white . Thus the 
pr ior i ty must be given to accelerate groundwater development in 
general and in the water logged areas in par t icular to stop the fur ther 
degradat ion of fert i le agricul tural land. Consider ing the socio-
economic condit ions of the teeming mil l ions, the agr icul tural 
development needs to be geared up and there fore special emphasis 
has to be given to the thrust area of irr igation in par t icular and other 
agr icul tural inputs in general. 
W A T E R L O G G I N G : 
Irr igated agriculture was in vogue in the Indo- Ganget ic 
a l luvium during post independence era. It took somet imes before it 
was real ized that the large tracts of land, which were once fert i le , 
had deteriorated. The possible reasons traced out to be excessive use 
of surface water without due considerat ion to groundwater , have 
caused the deteriorat ion in the soil fer t i l i ty and deposi t ion of salts on 
the soil surface and created water logging. Water logging occurs 
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when the water table rises to within the root zone of crops. This 
phenomenon is generally associated with the in tercept ion of capil lary 
f r inge at the land surface leading to direct evapora t ion of ground 
water and sal inizat ion of soil and ground water (Mehta, 2000) . It may 
probably be no exaggerat ion to say that by in t roducing surface 
i r r igat ion man has created more waterlogged areas in a century than 
what nature created in mil l ions of years. 
. Water logging results when there is an excess recharge over 
discharge f rom the phreat ic aquifer over a period of t ime till 
progress ively the increases in storage raises the water table to near 
surface . The main control l ing factors are topography of the area, 
soil type and the sub surface hydrogeology. The topography control 
the area prone to water logging. Flat areas are more prone as 
compared to water divides, piedment zone, etc. The capi l lary rise in 
the format ion is control led by its grain size. More f iner the grain 
sizes more the capil lary rise occurs. The presence of clay or any 
impermeable or less permeable strata at shallow depth also faci l i ta te 
the r is ing of water level. Apart f rom these fac tors such as extensive 
ra infa l l , blockage and congest ion of drainage courses, submergence 
due to f loods , over irr igat ion and seepage canal and surface water 
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bodies are the usual factors or a combinat ion thereof , leading to 
water logging. 
The water logging condit ions in the study area have been 
examined uti l izing the data in respect of depth to water level 
recorded during pre and post monsoon as well as on long term basis 
i.e. for a period of ten years. Based on the data col lec ted during pre 
and post monsoon period, 2000 (Annexure- I I I ) , depth to water level 
maps has been prepared (Fig. 12 and 13). A perusal of the depth to 
water level maps of pre monsoon 2000 (Fig. 12) r evea ls that the 
depth to water level in the in ter f luve ranges between 2 .95 m and 6.65 
m below ground level. In Ghagra sub basin it varies be tween 2.85 to 
6.65m bgl during pre monsoon while in post monsoon it res t between 
1.25 to 4.4m bgl. In Gandak sub basin the depth to water level ranges 
be tween 3.25 to 4.44m bgl during pre monsoon and dur ing post 
monsoon the depth to water level ranges between 1.95 to 3.75m bgl. 
Based on the post monsoon water level data of 2000, total water 
logged area in the district is evaluated to be 30% of the total 
geographica l area, and the balance 70% is prone to water logging. 
The r is ing trend of the hydrographs (Fig. 15a, 15b and 15c) is 
indicat ive of increase in storage, leading to water logging condi t ions , 
which has to be arrested before it is fur ther aggravated. The resul ts 
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of the t rend analysis have also confi rmed that the r is ing trend will 
cont inue if mit igat ion strategies are not adopted through integrated 
water resource management . The rise in the water table have 
resul ted due to d i f fe rent reasons, the prime one is being the 
development of surface and ground water in complete isola t ion, the 
other reasons include change of cropping pat tern , absence of 
adequate drainage system, seepage through canal system, etc. 
From the present available ground water and sur face water 
resource of 583.70 MCM and 288.51 MCM, respect ive ly in the study 
area, 220.05 MCM is ut i l ized f rom ground water and 214.06 MCM is 
ut i l ized f rom surface water. That means the net ground water draf t 
through d i f fe ren t structures is only 37.6% of the total ut i l izable 
ground water resource. The present ground water deve lopment is not 
making any dent in the ground water storage because it is being 
supplemented by adequate ra infal l and return f low f rom surface water 
i r r igat ion every year . The si tuation has fur ther worsened due to the 
conveyance loss f rom the canal because of lack of its maintenance . 
Water logging can be control led by adopting suitable measures such 
as reducing the recharge and increasing the d ischarge f rom the 
phreat ic aquifer in the study area. 
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INTEGRATED GROUND WATER MANAGEMENT: 
As agriculture, the mainstay of Indian economy for some 
recondi te reasons has not been able to play its ass igned role in 
amel iorat ing the improvised state of the Indian fa rmers . It is an irony 
that despite having created an irrigation potent ia l of about 79 mill ion 
hectares as on date, the country still has to rely on a good monsoon 
for favourable agricultural production. It is the need of the hour that 
water management must be viewed in an hol is t ic perspec t ive , both in 
its natural state and in balancing competing demands of its domestic, 
agr icul tural and industr ial needs, keeping the env i ronmenta l balance 
intact. 
Overal l integrated ground water management extends the basic 
works of technical ground water management into pol icy, and more 
broadly , the considerat ion in total i ty of water resources of the basin. 
Integrated water resource management has been ga in ing momentum 
in the last few years. It needs to incorpora te envi ronmenta l , 
economic, and social considerat ions based on the pr inc ip les of 
sustainabi l i ty . The integrated ground water managemen t plan 
envisaging rat ional and ef f ic ient ut i l izat ion of regional ground water 
system requires a rel iable database to describe the regional f low 
pattern and related criteria. 
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The most important approach in command areas is the 
conjunct ive use of both surface and ground water system. General ly , 
if any area is to be brought under irr igat ion by supplying surface 
water during one season and groundwater during another , it will be 
costl ier to have two separate distr ibution networks. Ground water , 
therefore has to be used to meet or augment the water needs, in lower 
reaches or where ever feasible in the command. The coordinated use 
of sur face and ground water in command areas may be done in such a 
way that ground water can be used in Kharif season also to 
supplement the i rr igat ion needs and it may also be used during the 
Rabi season when rainfal l contr ibut ion is much less in re la t ion to the 
i r r igat ion requirements . In the areas, which are water logged or prone 
to water logging, development of ground water will resul t in 
lowering of water table and consequent ly reduce or prevent water 
logging. 
CONJUNCTIVE USE OF SURFACE AND GROUND W A T E R : 
Conjunct ive use of surface and ground water combines the 
advantage of ground water storage with surface water system and 
serves both as a remedial and correct ive measure for e f f i c ien t water 
management and use. It requires careful planning to opt imize use of 
available surface water and ground water resources in total i ty , which 
155 
gives rise to the concept of Integrated Water Resources Managemen t 
( IWRM). 
The term Conjunct ive use can be defined as a coordinated and 
planned ut i l izat ion of two or more sources of water . Con junc t ive use 
of sur face and ground water not only provide the best so lut ion for 
benef ic ia l use of water resources but also provide addi t ional water 
intensi ty of i rr igat ion and availabil i ty of more water in the tail 
reaches. 
Integrated water resource management is a par t icular way of 
managing an area's water resources and water users . In tegra ted water 
resource management recognizes the physical in te rconnec t ions 
among the d i f fe ren t aspects or components of the water resource 
systems and the re la t ionship among the d i f ferent water users and the 
water resources . 
SYSTEMS APPROACH FOR CONJUNCTIVE USE: 
I r respect ive of the choice of a ' conven t iona l or ' sys tem 
ana ly t ica l ' approach towards a given water resource problem, the 
solut ion can be visual ized as sequence of decis ion problems. 
Obviously , the decision environment should be s impl i f ied to 
dis t inguish between the important (primary) and secondary fea tures . 
Consequent ly the real i ty will be represented by a conceptual model . 
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In the broadest sense ' Sys tem' can be ident i f ied as those models of 
reali ty, consis t ing of f ini te number of e lements interrelated and 
interact ing with each other in a regular in terdependent way. While a 
system is not related to any specif ic size, purpose or context , there 
are obvious l imitat ions applied to ident i fy a system. 
The problem of select ing the best s t rategy for conjunc t ive use 
of sur face and ground water in a complex system when conf l ic t ing 
interest compete for l imited natural and f inanc ia l resources can be 
solved by system approach. The system approach is being 
increas ingly used to solve various problems associa ted with 
conjunct ive use planning, more so with the advent of digital 
computers . A system approach involves the deve lopment of models 
of some sort. 
The feas ibi l i ty of conjunct ive use approach depends on 
operat ing a ground water basin over a range of water levels, which 
in tef -a l ia requires that there must be space to store recharged water , 
and in addit ion, there must be water in storage for pumping when 
needed. 
Basical ly the planning for integrated use of surface and ground 
water can be formula ted and solved in two f rame works, which are 
well tested 
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I) Opt imizat ion 
II) Simulat ion 
O p t i m i z a t i o n : 
The opt imizat ion model basically solves the p rob lem of 
al lot t ing the surface and groundwater resources among compet ing 
users in an optimal manner. For arriving at the d i f fe ren t a l ternat ives , 
mathemat ica l techniques and modern computers are employed, as 
wi thout these it becomes almost an impossible task to arr ive at a 
solut ion. From the spectrum of al ternat ives obta ined on a 
pre l iminary examinat ion, few are chosen for a closer and detai led 
study. This leads to f inal solution possible under the var ious 
constraints . There are many optimization techniques employed in 
conjunct ive use planning, however linear p rogramming is one of 
them. 
Linear Programming is one of the most widely used methods 
for solving the problem of al locat ing the surface water and ground 
water resources among competing users in an optimal manner and are 
very f requen t ly used in conjunct ive use planning. 
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Linear Programming (LP) 
A system is said to be linear when the condition of 
"Superimposit ion" is valid. That is in a linear system the response to 
every disturbance runs its course independent of preceding or 
succeeding inputs to the system. The total result in the system is no 
more or less than the sum of the separate components of the system 
response. 
Owing to its simplicity and easy to use Linear programming is 
one of the most widely used methods for solving the problem of 
al locating the surface water and ground water resources among 
complet ing uses in an optimal manner. The principles and techniques 
of solving linear programming problems are well described in the 
l i terature (Hadley, 1962, Dintiz, 1963 and Gass, 1969). 
The fol lowing condit ions must be sat isf ied before, applying 
linear programming for optimization problems especial ly in case of 
conjunct ive use planning, where both surface and ground water 
should be used in an optimal manner so as to avoid any deleterious 
e f fec t on the environment. 
(a) The objective funct ion, which may be maximizat ion of the 
benef i t or minimization of costs, must be expressed as a l inear 
funct ion. 
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(b) A set of l inear constraints which contain the technical 
speci f ica t ions of the problem relating to the given resources or 
requi rements must be stated. 
(c ) It requires a set of non-negat ive constraints . 
The complete mathemat ical statement of a l inear p rogramming 
problem includes a set of s imultaneous l inear equat ions , which 
represents the condit ions, and the object ive of the problem. Once a 
conjunc t ive use problem has been cast into s tandard l inear 
p rogramming form, it can be solved by the s implex method. 
A s impl i f ied L.P. model for planning the Con junc t ive use of 
surface and ground water in a canal command is d iscussed below: 
In a canal command area, one introduces addi t ional recharge 
due to seepage f rom canal as well as return seepage f rom sur face 
i r r igat ion and hence the intended activity is to create a balance by 
in t roducing or planning ground water development or pumpage . 
By the conjunct ive ut i l izat ion of surface and ground water , 
normal ly one expects two things, f i rs t is control of excess r ise of 
water level with an object ive to avoid water logging which might 
crop up because of cont inuous addit ional recharge to ground water 
system f rom the canal seepage and return seepage f r o m f ie ld 
irr igation. The second important aspect of p lanning for con junc t ive 
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use of surface and ground water is to enhance the cropping intensi ty 
by change in cropping pat tern or bringing more and more area under 
i r r igat ion. 
In a l inear programming model the object ive func t ion would be 
to maximize the net benef i t f rom the conjunct ive use. The control of 
water logging is a process, which is d i f f icul t to accommoda te in the 
objec t ive funct ion directly, however this can very well be 
accommodated in the constraints . 
In the formula t ion of object ive func t ion complexi ty can be 
in t roduced depending upon the object ive of the study and prevai l ing 
condi t ions 
C a s e - I Simplest case would be if an assumpt ion can be made that 
cost of pumping is independent of l i f t , i .e. , consider ing 
ground water as a lumped system, then one need not go 
for simulation of ground water system. 
C a s e - I I If one has to introduce the cost of pumping which is 
dependent on l i f t , and then every t ime one has to go for 
ground water s imulat ion and then evaluat ing the object ive 
funct ion, the solution is a Distr ibuted Model . 
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Distributed Conjunctive Use Model: 
Because of varied topography, subsurface hydrogeologica l 
condi t ions and diverse irr igat ion practices, a conjunc t ive use model 
which considers ground water system as lumped, cannot adequate ly 
cater to the problem of water logging and over exploi ta t ion of ground 
water which may occur s imultaneously in d i f fe ren t parts of a region. 
Hence, a dis tr ibuted ground water model is required for real is t ic 
solut ion of the problem. A distributed conjunc t ive use model is 
being discussed here which deals with optimal conjunc t ive use pol icy 
for p redef ined pat tern of surface water avai labi l i ty incorpora t ing 
spat ia l ly and temporal ly distr ibuted ground water wi thdrawals and 
spat ial ly dis tr ibuted cropping pattern, in other words it combines the 
opt imizat ion and s imulat ion, though solved independent ly . 
Model Development: 
The area of interest can be divided into a number of zones of 
near un i form surface water supplies, net i rr igat ion requi rements and 
hydrologica l condi t ions. Similarly the t ime domain can be 
discret ized by f ini te number of periods. The decis ion var iables which 
are to be considered in a distr ibuted model are: 
(a) Areas under d i f fe ren t crops 
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(b) Ground water withdrawal 
The above object ive func t ions to be maximized subject to the 
fo l lowing constraints: 
(a) Crop Water Requirement Constraints : 
(b) Land Avai labi l i ty Constraints : 
(c) Maximum and Minimum areas under each crop: 
(d) Maximum and Minimum Depths to the Water Table: 
Maximum and Minimum Depths to the Water Tabie: 
Water table in a region assumes a state of dynamic equi l ibr ium 
for a given annual recharge discharge pat tern and boundary 
condi t ions . This state of dynamic equi l ibr ium is d is turbed with any 
change in recharge-discharge pat tern caused by some natural 
phenomenon or human activit ies. 
However , af ter some time water table in the region regains a 
new state of dynamic equi l ibr ium character ized by a d i f fe ren t pat tern 
of annual f luctuat ions . For example, an increase in ground water 
recharge in the area caused by the implementa t ion of a sur face water 
scheme, with resul t in a changed pattern of water table leads 
d isplaying conspicuously higher water table as wel l as an increase of 
sub-surface f low towards ad jo in ing water bodies like r ivers , lakes. 
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etc. Similar ly, an increase in rate of ground water wi thdrawal resul ts 
in lower ing of water table and decrease of sub-sur face f lows towards 
the ad jo in ing water bodies. Thus any change in the recharge 
discharge condit ions changes not only the water table pat tern in the 
area but also the discharge pat tern in the adjoining r ivers , which may 
be hydraul ica l ly connected with the aquifer . Whi le deciding an 
opt imal ground water wi thdrawal policy, the p lanners are governed 
by the fo l lowing constraints : 
(a) The peak of the temporal f luctuat ion of the water table 
corresponding to the changed state of dynamic equi l ibr ium 
should be below the root zone of the plants, so as to avoid 
water logging and other related problems. 
(b) The decision regarding the permiss ible extent of maximum 
lowering of water table, i.e. through level of the f luc tua t ion 
pat tern is more d i f f icu l t to be made and may involve many 
subject ive decisions. Lowering is associated with the fo l lowing 
technological and economic manifes ta t ions: 
e Some of the shallow wells may dry up complete ly . 
o Cost of pumping a unit volume of water increase for all t imes 
to come. 
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o Discharges in the river hydraul ical ly connected with the aquifer 
will decrease for all t imes to come. 
® A descret ized funct ion relat ing to the extent of lowering of 
water table with tangible losses associa ted wi th f i rs t two 
ef fec t s i.e. (a) and (b) as l isted above can be arr ived at, and 
included in the object ive func t ion . However , f rom social point 
of view it may not be permiss ible to lower the water table to 
the extent that shallow wells go dry since most of the shal low 
wells are owned by poor cul t ivators having small hold ings . 
(c) The discharge, in hydraul ical ly connected r ivers , is al tered with 
change in ground water withdrawal . With the present state of 
knowledge of ground water hydraul ics it is poss ib le to est imate 
the change in the discharge corresponding to a known change in 
pumping pattern. Thus the wi thdrawal pa t tern should be 
adopted such that the r iver d ischarge remains within 
permiss ib le limits. However, the pat tern can be des igned f rom 
the point of view of a l imited f lood control measure as well , if 
the reduct ion in discharge occurs during the per iod of peak 
f lood. 
The constraints relating to the maximum and minimum 
permiss ible depths to the water table can be imposed by express ing 
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the depths to the water table, under the condit ions of dynamic 
equi l ibr ium, as func t ions of the zonal withdrawal pat tern, boundary 
condi t ions , aquifer parameters , recharge and the ground elevat ions. 
Out of these only are the decision variable and the rest are the input 
data. The depth to water table can be evaluated at d iscrete space 
points for var ious al ternat ives of wi thdrawal pat tern using a ground 
water s imulat ion model. 
In the proposed conjunct ive use model, cropping pat terns and 
ground water wi thdrawals have been distr ibuted in space by dividing 
the area into a number of zones. Each zone has uni form cropping 
pat tern, ra infal l , surface water supplies and hence un i form ground 
water wi thdrawals . The zones should also display near un i fo rm draw 
down/discharge character is t ics . This can be ensured by selecting 
zone, which are as homogeneous as possible in terms of geology, 
hydro logy and boundary ef fec ts . The size and the number of zones 
are pr imar i ly governed by the necessi ty of res t r ic t ing the number of 
decis ion variables and constraints to a manageable limit. Apar t f rom 
this, the number of zones should not be too large to permi t the 
implementa t ion of the evolved policy. 
While calculat ing the aquifer response, the pumpages at all the 
nodes lying in a given zone are governed by the current tr ial ground 
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water wi thdrawal pat tern of the zone. The other way could be 
repet i t ive solut ion of the Aquifer response model . For the 
known/p lanned trial pat tern of zonal pumping. 
The ul t imate aim of repeti t ive solution of the aqui fe r response 
model is to arrive at the permissible range of water table 
f luc tua t ions . The decisions regarding opt imal ground water 
wi thdrawal permiss ib le range of water table f luc tua t ions requires a 
ground water s imulat ion model to be developed for the system, but 
the pauci ty of data were the major constrain and dur ing the present 
course of study the Linear programming could not be adopted. 
However , the available data were synthesized and analyzed to 
evolve feas ib le options, which is presented in the fo l lowing 
paragraphs . The entire exercise has resulted in the generat ion of a 
couple of scenario, which seems to be most feas ib le in the area. 
As per the avai lable statist ics, areas i r r igated by d i f fe ren t 
sources i.e. surface and groundwater consti tutes near ly 41 .6% of the 
total net sown area. There are four cropping seasons exis t ing in the 
area. The cropping pat tern data for the period 2000-2001 of the 
dis tr ict indicates maximum uti l izat ion of supplementary irr igat ion 
during Rabi period. The net area sown is 1607 sq km, which 
const i tute 79% of the total geographical area. The season wise crop-
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water requirement has been worked out and presented in the 
Tab le -XI l below: 
T a b l e - X I l : Season-Wise Crop Water Requirement in Dif ferent 
Blocks of Gopalganj District (MCM) 
NAME OF 
THE 
BLOCKS 
KHARIF RABI SUMMER TOTAL 
Bhadhai Agahni Rabi Garma 
Gopalganj 24.32 11.18 27.2 1.34 64.04 
Manjha 3.4 6.5 24.7 4.52 39.12 
Barauli 30.00 23.12 34.2 2.86 90.18 
Kuchaikot 72.7 9.9 61.2 3.11 146.91 
Hathua 33.2 11.31 27.03 4.93 76.47 
Uchkagaon 25.2 5.75 28.7 1.55 61.20 
Bhore 26.5 16.27 38.12 1.85 82.74 
Bi ja ipur 27.1 1.23 28.8 0.85 57.98 
Katea 16.06 4.68 28.6 1.89 51.23 
Baikunthpur 48.52 7.77 51.1 3.36 110.75 
Total 307.00 97.71 349.65 26.26 780.62 
The present avai labi l i ty of ground water and surface water is to 
the tune of 583.7 MCM and of 288.51 MCM respec t ive ly in the 
study area, out of which 220.05 MCM is ut i l ized f rom ground water 
and 214.06 MCM is uti l ized f rom surface water. The present 
ut i l izat ion of surface water is not l ikely to increase as the seepage 
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loss and conveyance loss will itself account for the remain ing 
balance of available surface water. The present u t i l iza t ion of sur face 
and groundwater creates an irr igat ion potential of 667.69 sq km, of 
which canal water irrigates an area of 330 sq km and groundwate r 
i r r igates an area of 338 sq km. Hence, in the present scenar io out of 
the total i r r igat ions, both the surface water and groundwater has 
equal share i.e. nearly 50% of the area is i r r igated by surface water 
and 50% by groundwater . 
The present ut i l izat ion of surface and groundwater has resul ted 
in the rise of water level and an overall built up in the g roundwate r 
level. The main reason for this built up can be a t t r ibuted to 
cont inuous canal irr igation, absence of adequate dra inage system or 
poor main tenance of canal, obstruction in nalas seepage, etc. In 
short, it can be stated that the ground and surface water are not used 
jud ic ious ly either in conjunct ion to augment each other suppl ies or 
according to the need of balancing the equi l ibr ium between demand 
and supply so that an environmental balance can be main ta ined . As 
the depth to water level in the major part of the area rest within 
5m bgl and rise in water level has also been observed, there is an 
urgent need to adopt a suitable and optimal conjunc t ive use approach 
169 
SO as to avoid any deleterious environmental impact leading to 
enhancing water logging and soil salinity in the long run. 
The cropping intensi ty is nearly 152%. At present Bhadai and 
Rabi are the main cropping seasons. Out of the gross sown area of 
2443 sq km, only 670 sq km is irr igated, hence, there is fu r ther scope 
of br ing more area under irr igation depending upon the avai labi l i ty 
of surface and groundwater in space and time. 
Based on the avai lable surface water resources an addit ional 
area of 114 sq km can be brought under i r r igat ion whereas 
groundwater avai labi l i ty is much better and an addi t ional 470 sq km 
area can bring under groundwater irr igat ion assuming weighted 
average delta of 0.65m if present cropping pat tern is cont inued. 
Keeping in view the already rising trend of water level, 
avai lable option for optimal ut i l izat ion of sur face and groundwater 
were analyzed and thus the entire exercise has yie lded f ru i t fu l 
resul ts . Thereby, it was possible to generate two feas ib le scenario 
which is given as under. 
Scenario-1: 
If the exist ing cropping intensi ty of 152% (Tab le -XI I I ) is 
cont inued and the groundwater ut i l izat ion is increased f rom 50% to 
70% i.e. keeping in mind the groundwater resource available in space 
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and t ime, out of total irr igated area of 670 Sq km, 469 Sq km is to be 
i r r igated by groundwater to create an additional i r r igat ion potent ia l 
of 130 Sq km dis t r ibuted in all the four seasons sui tably 
TABLE-XIII : Status of Crop Irrigation in Gopalganj Distr ict 
(2000-2001) 
SI. Name of Block Area(Sq,Km) under dif ferent cropping seasons 
No. Bhadai Aghani Rabi Garma 
Irri-
gated 
Unirri-
gated 
Irri-
gated 
Unirri-
gated 
Irri-
gated 
Unirr-
gated 
Irri-
gated 
Unirri 
-gated 
1 Gopalganj - 78 25 2 96 32 92 35 43 40 53 1 53 2 50 
2 Manjha - 17 22 2 61 30 27 50 25 41 53 2 45 8 73 
3 Barauh 3 18 106 35 1 36 83 20 62 29 41 56 2 02 5 97 
4 Kuchaikot 4 92 172 50 1 12 23 05 91 44 44 80 2 55 6 74 
5 Hathua 5 08 95 86 4 36 30 17 35 56 39 53 12 55 5 86 
6 Uchkagaon 9 29 84 44 0 92 20 09 44 28 42 94 1 90 2 44 
7 Bhore 1 73 83 46 0 02 52 16 65 80 40 14 0 39 5 16 
8 Bijaipur 2 79 84 39 0 04 3 95 42 37 37 78 0 66 1 90 
9 Katea 2 64 78 50 1 54 22 11 58 36 47 80 1 61 3 07 
10 Baikunthpur 2 52 174 94 2 27 26 14 106 45 48 77 3 48 5 91 
Total 32.15 975.91 17.20 324.0 592.23 425.3 29.14 48.28 
This would require nearly 85 MCM of addi t ional deve lopment 
of groundwater . Consider ing the unit draft of 0.036 MCM, 0.09 MCM 
and 0.27 MCM for d i f ferent categories of wells , the number of 
suitable categories of addit ional wells in d i f fe rent blocks could be 
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worked out in Table-XIV. The addit ional feas ib le wel ls have been 
worked out based on the present ground water s torage and the r is ing 
trend of water table in d i f fe rent blocks. 
T a b l e - X I V : P r o p o s e d N u m b e r of F e a s i b l e S t r u c t u r e s 
( S c e n a r i o - 1 ) 
Name of the 
block 
Heavy duty tube 
well unit draft 
0 .27MCM/yr 
discharge-
ISOmVhr 
Shallow cavity 
tube well Unit 
draft 0.09 
MCM/yr 
discharge-
50m^/hr 
Shallow 
private tube 
well Unit draft 
0.036 MCM/yr 
discharge-
20mVhr 
Bhore 5 47 27 
Katea 6 49 42 
Manjha 6 54 45 
Gopa lgan j 6 61 48 
Kuchaikot 10 82 69 
Uchkagaon 4 37 32 
Baraul i 10 83 70 
Bi ja ipur 5 45 25 
Hathua 6 58 48 
Baikunthpur 7 62 48 
Total 65 578 454 
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The addit ional draf t of 85 M C M will cer ta inly res t r ic t the 
r ising trend of groundwater level, and also not a f fec t adverse ly the 
ground water s torage in different blocks. 
S c e n a r i o - 2 : 
The second option could be to bring more area under i r r igat ion 
by increasing the groundwater use. As such, the avai lable 
groundwater resource can be uti l ized to create an addi t ional 
i rr igat ion potent ial of 470 Sq km by uti l izing the fu l l potent ia l . Even 
if 80% of that is uti l ized, nearly 376 Sq km addit ional area can be 
i r r igated through groundwater alone, which in turn work out to be 
addi t ional harness ing of nearly 244 MCM of groundwater . 
Consider ing the unit draf t of 0.036 MCM, 0.09 MCM and 0 .27 MCM 
for d i f fe ren t categories of wells, 692 shallow private tubewel ls , 883 
number of shallow cavity tubewells and, 98 number of heavy duty 
tubewel ls respect ively , can be constructed ut i l iz ing proposed 244 
MCM of ground water . Block wise breakup of number of s t ructures 
feas ib le are given in Table-XV. 
As 75% avai lable surface water in canal has a l ready been 
ut i l ized, there is not much scope for fur ther ut i l iza t ion of canal 
water, however in case of groundwater only 37.6% is present ly 
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Utilized. Hence increase in the groundwater use wil l have a posit ive 
impact on the overall groundwater regime. 
T a b l e - X V : P r o p o s e d N u m b e r of F e a s i b l e S t r u c t u r e s 
( S c e n a r i o - 2 ) 
Name of the 
b lock 
Heavy duty 
tube well unit 
draft 0.27 
MCM/yr 
d ischarge-
ISOmVhr 
Shal low cavity 
tube well Unit 
draft 0.09 
MCM/yr 
d ischarge-
50m^/hr 
Shal low 
pr ivate tube 
wel l Unit draft 
0 .036 M C M / y r 
d i scharge-
20mVhr 
S h o r e 7 71 41 
Katea 9 75 65 
M a n j h a 9 83 68 
G o p a l g a n j 10 93 74 
Kucha iko t 14 125 103 
U c h k a g a o n 6 57 49 
Barau l i 14 127 105 
B i j a ipu r 8 68 39 
Ha thua 10 89 74 
B a i k u n t h p u r 11 95 74 
Total 98 883 692 
- VIII 
D I S C U S S I O N 
In this chapter an at tempt has been made to cr i t ical ly examine 
potent ia l aquifer systems, their hydraul ic proper t ies , chemical 
character is t ics and ground water resource in the l ight of data 
genera ted during the course of study. The chapter also deals with 
i r r igat ion pract ices in the area and its impact on the ground water 
regime and to f ind out the viable strategies for water resource 
management with special emphasis on keeping an overal l balance in 
water ecosystem. The hydrogeological f ramework , ground water 
dynamics , hydrochemist ry and ground water resource management in 
this in te r f luve has been cri t ical ly examined to evolve a set of cri teria 
appl icable to the similar terrain in other parts of country 
G A N D A K - G H A G R A I N T E R F L U V E : 
The in terf luve within the boundary of Gopa lgan j distr ict can be 
broadly sub- divided into two physiographic units namely Gandak 
sub-basin and Ghagra sub-basin. This sub-divis ion is based on the 
th ickness of aquifer , nature of sediments like grain size, sort ing and 
nature of clay beds. The thickness of the aquifers var ies f rom 10 
to 112 m., which is mainly control by the irregular s loping nature of 
the basement on which the sediments rest. The composi t ions of the 
sediments are not uniform and clay-part ings play an important role in 
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making the aquifer semi confined or confined in nature below 50m 
depths. The aquifers above 50m are either unconf ined or semi 
conf ined with over lying semi pervious clay bed. These aquifers have 
an opt imum yield ranging between 84m^ to 250m'' per hour for a 
re ference drawdown of 9.91m to 18.9m respect ively in 24 hours of 
pumping. This is observed during the long durat ion of pumping test 
conducted at the 200m deep exploratory well 
A Q U I F E R IN G H A G R A SUB-BASIN: 
The sub-basin covers parts of Gopalganj , Siwan and Saran 
distr ict in Bihar State. The sediments in parts of the sub-bas in within 
the boundary of Gopa lgan j distr ict are thick and known down to 
200m bgl. The geological cross section (Fig. 11) drawn along 
Bi ja ipur- Gopalganj show the heterogenei ty of the aqui fers , which 
may be because of fac ies variat ion. It is observed that the fac ies 
changes near Gopalganj because there is surface water divide, which 
passes through Bheria, 4 km west of Gopalganj . It is also observed 
that there is a gradual increase in thickness of clay bed towards east. 
At Uchakagaon three clay beds were observed where as at Gopa lgan j 
f ive clay beds were not iced. The thickness of granular zone 
decreases eastwards and sort ing of the aquifer mater ial become 
poorer. On the basis of these observat ions it is inferred that there is 
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one major aquifer system in this sub-basin in the depth range of 50-
190m bgl at Bijaipur . Apart f rom this major aqui fer system, shallow 
aqui fers occur in the depth range of 20-30m bgl. The major aquifers , 
which are found with in the depth range of 50-190m bgl, comprises 
medium to coarse grain sand admixed with occas ional gravel and 
sand stone chips. 
The fence diagram exhibits shallow aquifer in the depth range 
of 2D-30m bgl in the northern part of the Ghagra sub-basin , which is 
composed of f ine sands associated with sandstone chips, but this 
aqui fer is absent in the southern part. Another shal low aquifer within 
the depth range of 35-50m bgl occurs in the nor thern part , which is 
composed of coarse sand with occasional gravel. 
AQUIFER IN GANDAK SUB-BASIN: 
The cross section (Fig. 11) along Yadavpur-Baikuntpur , 
exhibi ts two major aquifer system within the depth range of 
28-68m bgl and 133-190m bgl at Yadavpur. The f i rs t one is mainly of 
medium grain sand with sandstone chips and occas ional gravel, 
over la ined and underla ined by clay beds. The second one is 
composed of coarse sand with sandstone chips and occasional 
gravels , which is also overlained by clay beds. These two aqui fe rs 
merge and form a single hydrogeological unit with top one be ing 
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medium to f ine sand and the bottom consists of coarse sand and 
gravel . 
The clay part ing diminishes southeasterly but th ickness of clay 
bed at the top and bot tom of the aquifer increases cons iderably 
southeas tward. The number of clay beds starts decreas ing f rom 
Yadavpur to Baikunthpur . But the cumulat ive th ickness of these clay 
beds increases southeastward which is more rea l is t ic as per the 
pr inciple of sedimentat ion down stream. The fence diagram also 
shows a s imilar picture as the geological cross sect ion. In the 
nor thern part of this sub-basin two aquifers of l imited potent ia l were 
not iced. The top one which disappears in the central part but again 
not iced in southeastern part in the form of lenses of f ine sand 
be tween depth range of 0-12m bgl. 
M O V E M E N T O F G R O U N D W A T E R : 
The water table contour shown in Fig. 16 indica tes that the 
lowest e levat ion of water table is 56.2m amsl recorded at 
Bhagwanpur and the highest at Belwa Tiwari i.e. 71m amsl. The 
general ground water f low direct ion is f rom nor thwest to southeast 
but still there is dist inct var iat ion in the f low direct ion of ground 
water as far as both the sub basins is concerned. The f low in Ghagra 
sub basin is NNW- SSE, whereas in Gandak sub basin it is N W - S E . 
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The hydraul ic gradient also decreases f rom west to east i.e. in 
Ghagra sub basin it is 0.38m/Km where as in Gandak sub basin it is 
0 .2m/Km. It has also been observed that in Gandak sub basin the 
gradient is more in the northern part i.e 0 .2m/km and less in the 
southern part i .e .O.lm/km. The low value of hydraul ic gradient shows 
the h igher permeabi l i ty of saturated granular fo rma t ion in the close 
vic ini ty of Gandak River. 
W E L L HYDRAULICS: 
The long-term yield or the optimum yie ld evaluated by step 
draw down test is in the order of 132 mVhr to 214 m^/hr in Gandak 
sub basin whereas in Ghagra sub basin it ranges be tween 148 m^/hr to 
168 m^/hr. This variat ion is due to two reasons- the f i rs t one being the 
var ia t ion in the thickness of aquifer and second because of the 
var ia t ion in the grain size of aquifer material f rom place to place. 
AQUIFER PARAMETER: 
The hydraulic conductivi ty not only d i f fe r s f rom fo rma t ion to 
fo rmat ion but also f rom place to place in the same fo rmat ion . The 
Iso-hydraul ic conductivi ty map (Fig. 19) exhibi ts the pat tern of 
hydraul ic conduct ivi ty of the aquifer in both the sub basin of this 
in terf luve. It has been noticed that there is a gradual decrease in 
hydraul ic conduct ivi ty value f rom north to south in general and 
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nor theas t to southeast in part icular . In Gandak sub basin, Gopa lgan j 
is being an exception where the value is jus t 25 m/day, which is 
a t t r ibuted to the facies variat ion that makes the aquifer hydrogenous 
with poor sort ing of the sediments. The southward decrease is 
a t t r ibuted to the deposi t ion of f iner clastics by the r iver system 
reaching their older stage. In Ghagra sub basin the h igher value of 
hydraul ic conduct iv i ty is a t t r ibutable to the deposi t ion of sediments 
in somewhat early part of the old stage of the river system. 
It is observed that there is a large var ia t ion in the 
t ransmiss iv i ty value of the aquifer , which may be a t t r ibuted to the 
var ia t ion in the grain size and sorting of the sediments const i tu t ing 
the aqui fe r system. The Iso- t ransmissivi ty map (Fig. 19) reveals that 
there is a gradual decl ine in the t ransmissivi ty value f rom north to 
south in the Ghagra sub basin but the Gandak sub basin exhibi ts a 
d i f f e ren t picture. The t ransmiss ivi ty value increases southward f rom 
1800 m^/day to 2400 m^/day but again decreases to 1800 m^/day in 
extreme south. The d i f ferent ia l decrease is a t t r ibuted to the 
d i f fe ren t ia l th ickness of in tercala t ing clay bed making the thickness 
of the aquifer more in the middle and less in north and south. 
The storage co-ef f ic ien t evaluated in the in te r f luve to 
determine the response of aquifers to the stress such as wi thdrawal 
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through wells . The storage co-ef f ic ien t of conf ined aqui fer in Ghagra 
sub basin ranges between 1.2 x 10"^ and 4.3 x The value in 
semi -conf ined aquifer is found to be 3.3 x 10'^ in Ghagra sub basin 
and 2.3 x 10'^ in Gandak sub basin. At the same t ime it is observed 
that unconf ined aquifer in Ghagra sub basin have Sp y ie ld value of 
11-13 % where as in Gandak sub basin it is 12-14 %. 
A Q U I F E R CLASSIFICATION: 
On the basis of ground water hydraul ics the aqui fe r of this 
in te r f luve can be c lass i f ied as Phreatic, Non Leaky Ar tes ian and 
Leaky artesian aquifer . The Phreatic aquifer in Ghagra sub basin lies 
in the depth range of 30m bgl. The storativity va lue was found to be 
more than 10"'. The t ransmiss ivi ty value ranges be tween 500-700 
m^/day. The discharge is observed to be 20-30 m^/hr for a reference 
draw down of 5m. These aquifers are noticed in the v ic in i ty of major 
r iver where the grain size of the sediments are coarser in nature 
thereby increasing the t ransmiss ivi ty value to as h igh as 700 m^/day. 
In Gandak sub basin it occurs between 12-28m bgl and is composed 
of f ine sand and kankar. The aquifer parameter l ike t ransmiss iv i ty , 
which ranges between 500-700 mVday increases towards northeast 
di rect ion and decreases in southwest direct ion. It is due to the 
deposi t ion of coarser sediments near Gandak River . 
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The non- leaky artesian aquifers in Ghagra sub basin occur 
between 50-150m bgl depth in the eastern, southern and northern part 
of the distr ict . The s torat ivi ty value is less than 10"'^ . The 
t ransmiss iv i ty value gradual ly decreases f rom north to south, which 
is a t t r ibuted to the poor sort ing of the sediments and deposi t ion of 
f iner clast ics . The specif ic capaci ty of the explora tory wel l dri l led by 
CGWB at Katea, Uchkagaon and Hathua was found to be 21.691, 
21.62 and 18.57 m^/hr/m of draw down in a pumping span of 24 hrs. 
The specif ic capaci ty of the wells drilled by ers twhi le ETO at 
Baran iyan-Rajaram, Amtha Bhuvan, Bedua and Bircha Bathua was 
found to be 34.93, 37.5, 27.28 and 24.46 mVhr/m of draw down in 
pumping span of four hrs. These data reveal that there is var ia t ion in 
specif ic capaci t ies f rom place to place which is a t t r ibuted to 
var ia t ion in aquifer disposi t ion; because the d i scharge-drawdown 
relat ion of any well , largely depends on the const ruct ion of well , 
type of aqui fers tapped in the well and its T and S values. In Gandak 
sub basin it is not so common and only found in the western part of 
the basin. It is because of the fact , that the conf in ing clay bed in the 
area is most ly impure and contain silt, kankar and sandstone chips 
which makes the conf in ing layer leaky so to say form an aqutard in 
the basin. The t ransmiss ivi ty values were observed to as low as less 
than 1200 m^/day. The poor sorting and deposi t ion of f ine sand is 
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responsible for the low transmissivi ty value. The p iezomete r ic head 
of these aqui fers is found to be quite high as the S.W.L. in the well 
tapping these aquifers is recorded to be as shallow as 3.87 m bgl. 
In the Ghagra sub-basin leaky artesian aqui fe r exis t in the 
western part around Bija ipur block in the depth range of 50-150 
mgbl. The well tapping this type of aquifer y ie lded 200 m^/hr for a 
draw down of 8.62 m in 24 hours of pumping. The Transmiss iv i ty 
was evaluated to be 1472 m /day. In the Gandak sub-basin the 
conf in ing clay beds are mostly impure and contains silt, kankar and 
sandstone chips which makes the conf ining layer leaky so to say an 
aqui tard. These hydrological data are interes t ing as fa r as the 
occurrence and movement of ground water is concerned. The aquitard 
becomes thicker in the southeastward direct ion and in accordance 
with the pr inciple of sedimentat ion. 
HYDROCHEMISTRY: 
Chemical quality of ground water is as important as quant i ty . 
The purpose of this invest igat ion is to determine the chemical 
character is t ics in the area for deciphering the sui tabi l i ty of ground 
water for d i f fe ren t uses. For this purpose physical and chemical 
parameters were observed very keenly. On the basis of data obtained 
from the analysis it is inferred that all the ions, are well wi th in the 
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permiss ib le limit of s tandards like WHO, 1984; ISI, 1991 and ICMR, 
1975 except the Nitrate and Fluoride. 
The value of Nitrate is found to be within the permiss ible 
limits in the entire study area with an exception of a h igher value i.e 
of 118 mg/1 at Barkigahi . The higher value is a t t r ibuted to the 
poss ible seepage f rom the adjacent septic tanks contaminat ing the 
ground water system in a localized fashion. Hence this value can be 
neglected, as the well is not a representat ive one for the ground water 
regime.Whi le locat ing any ground water s t ructure these 
considerat ions should be made to avoid contaminat ion. 
The f luor ide content of ground water is found to be more or 
less within the permiss ib le limit in general with the except ion of 
three locat ions in Ghagra and one in the Gandak sub basin. It is a 
conclusive fac t that concentra t ion of F between 0.6 to 1.2 mg/1 is 
desirable in potable water while high concentra t ion cause teeth 
mot te l ing and still h igher concentrat ion may leads to skeletal 
f louros is . Mineral , like Topaz, Apati te and Phosphat ic nodules 
contain Fluoride. As a resul t of the rich mineral content Flouride 
leaches out and contaminate the ground water. Fluor ine being an 
e lect ronegat ive e lement and having a negat ive charge is at tracted by 
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posi t ive ions like Ca^^, which is abundant in bone and teeth of human 
body. 
The excess use of phosphate in agr icul ture may form 
phosphat ic nodules in the soil. This may be the reason fo r excess 
Fluor ide content in ground water at the said locat ions . Since the 
provenance of the sediments doesn ' t have any of these minera ls in 
abundance , no valid arguments for the excess content of Fluor ide in 
ground water can be made over here. In such areas def luor ina t ion 
plant should be instal led. If the "F" content is more then ar t i f ic ia l 
recharge should be adopted to dilute the concentrat ion. 
On the basis of these chemical data the hydrogeo log ica l fac ies 
were also es tabl ished and it is found that the ground water of this 
in te r f luve lies in Ca-Mg-HCOa type. These data were also compared 
with the s tandards like WHO, ISI, ICMR. In view of above 
observat ions , it is inferred that the ground water in most of the study 
area is quite suitable for domestic uses. Quality cr i ter ia for i r r igat ion 
were also es tabl ished. On the basis of SAR value, (Fig. 27) the 
ground water for irr igation in the study area comes under the 
categor ies of C3-S1, C2-S1 and C4-S1, which is good for i r r igat ion. 
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GROUND WATER RESOURSE ASSESSMENT: 
Ground water resource in unconf ined aquifers can be c lass i f ied 
as static and dynamic. The static resource is the amount of water 
avai lable below the zone of water level f luc tuat ion . The dynamic 
resource is the amount of water available in the zone of water level 
f luc tuat ion. This dynamic resource is annual ly or per iodica l ly 
replenished by precipi ta t ion, i rr igat ion return f low, canal seepage, 
tank seepage, inf luent seepage, etc. The dynamic resource has only 
been est imated during the present study. 
Ground water recharge has been est imated on water level 
f luc tuat ion and specif ic yield approach taking into account the 
response of ground water levels to groundwater input and output 
components . During the present course of study 57 observat ion wells 
set-up in an area of 2033 sq.km. More number of observat ion wel ls 
were establ ished so that the data obtain data f rom 25 observat ion 
wells establ ished by CGWB may be cal ibrated to examine the long-
term trend of water level f luc tua t ion in the region. 
• The specif ic yield of the format ion, evaluated in the distr ict is 
found to range between 11 to 14%. The gross annual draf t by the 
ground water structures in the district was calculated af ter carrying 
out a random sampling of discharge of d i f ferent ground water 
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structures . The 20% of the gross annual draf t is presumed to be 
recharging the ground water body. 
The distr ict has a uti l izable ground water resources of 583.7 
MCM, out of which only 220.3 MCM is uti l ized so far leaving a huge 
balance of 363.63 MCM (Fig. 29). That means only 37% is ut i l ized. 
If we assume that there would be development at the rate of 2% per 
year then also all the blocks of the district will remain white i.e. 
having ground water development below 65% 
GROUND WATER MANAGEMENT: 
None of the blocks fal l under dark or gray ca tegory at present 
and even af ter f ive years at the assumed rate of deve lopment of 2% 
per year , the development in these blocks will not exceed 65%. Thus 
there is ample scope of accelerat ing groundwater deve lopment in the 
in te r f luve in general and in the water logged areas in par t icular . 
Development of ground water in the tail end area and augmenta t ion 
of canal in the upper and middle reaches by augmenta t ion tube-wel l 
will be the better option. 
A perusal of the depth to water level maps of pre monsoon -
2000 (Fig. 12) reveals that the depth to water level in the area ranges 
between 2.95 m and 6.65 m below ground level. In Ghagra sub basin 
it varies be tween 2.85 to 6.65m bgl during pre monsoon whi le in post 
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monsoon it rest between 1.25 to 4.4m bgl. In Gandak sub basin the 
depth to water level ranges between 2.31 to 4.40m bgl during pre-
monsoon period. In Gandak sub basin the depth to water level is 
between 1.40 to 3.75m bgl during post monsoon period. 
The data of long-term water level f luc tua t ion for pre monsoon 
shows a r ising trend and in some except ional cases where def ic ient 
ra infa l l was experienced the r ising trend cont inue to sustain but with 
a li t t le lower values. For example overall average annual pre-
monsoon data of 1996 show a rise of 0.075 m whereas during 1997 it 
was 0.41 and in 1998 0.73 m. During 1999 and 2000 the r is ing trend 
cont inued to sustain but with a little lower value of 0.01 and 0.10 m 
respect ively . This is because of the def ic ient ra infa l l during 1999. 
The post monsoon data also indicate that the r is ing trend continued 
in termi t tent ly in accordance with the rainfal l and ground water draf t 
s i tuat ion. There are some negat ive values, which may be at t r ibuted to 
not only def ic ient ra infal l but also excess ground water draf t on 
account of non-avai labi l i ty of canal water during that per iod. The 
rise in the water table have resul ted due to d i f fe ren t reasons, the 
prime one being the development of surface and ground water in 
complete isolat ion, the other changes in cropping pat tern, absence of 
adequate drainage system, seepage through canal system, etc. The 
188 
present ground water development is not making any dent in the 
ground water storage because it is being supplemented by adequate 
ra infa l l and return f low f rom surface water i rr igat ion every year. The 
si tuat ion has fur ther worsened due to the conveyance loss f rom the 
canal because of lack of its maintenance. 
• Mit igat ion of water logging conditions is poss ib le by reducing 
the recharge and increasing the discharge f rom the phrea t ic aquifer in 
the problem area. Development of ground water in the tail end area 
and construct ion of augmentat ion tubewell in upper and middle 
reaches of canal command will be the better opt ions to contain the 
r ising trend of water table. 
The cropping pat tern data for the period 2000-01 of the distr ict 
indicate maximum ut i l izat ion of supplementary i r r igat ion during Rabi 
period. The net area sown is 1607 sq km, which const i tu te 79% of the 
total geographical area. Out of the total net area sown only 41 .5% is 
being i r r igated, ut i l izing the surface as well as groundwater 
resources . 
The present crop-water requirement has been worked out to be 
780.62 MCM. The present availabil i ty of ground water and sur face 
water is in the tune of 583.7 MCM and of 288.51 MCM r espec t ive ly 
in the study area, out of which 220.05 MCM f rom ground water and 
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214.06 MCM is uti l ized f rom surface water. The present ut i l izat ion 
of surface and groundwater creates an irr igat ion potent ia l of 667.69 
sq km, of which canal water irr igates an area of 330 sq km and 
groundwater an area of 338 sq km. 
Consider ing the r ising trend of water level and avai lable option 
for opt imal ut i l izat ion of surface and groundwater , two feas ib le 
scenar ios were generated. In the f i rs t scenario it is assumed that, if 
the exis t ing cropping intensity of 152% (Table -XIII) is cont inued 
and the groundwater ut i l izat ion increases f rom 50% to 70% i.e. out of 
total i r r igated area of 670 Sq km, 469 Sq km is i r r igated by 
groundwater , then addit ional i rr igat ion potential of 130 Sq km can be 
created f rom ground water, dis tr ibut ing in all the four seasons 
sui tably, considering the groundwater resource avai labi l i ty in space 
and t ime. This would require nearly 85 MCM of addi t ional 
g roundwater development . Consider ing the unit d ra f t of 0.036 MCM, 
0.09. MCM and 0.27 MCM for d i f ferent ca tegor ies of wells , 454 
shal low private tubewells , 578 number of shal low cavity tubewel ls 
and,65 number of heavy duty tubewells respec t ive ly may be 
constructed uti l izing the proposed 85 MCM of ground water. The 
addit ional draf t of 85 MCM will certainly res t r ic t the r ising trend of 
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groundwater level, and also not af fec t adversely the storage in the 
region. 
In the second scenario it is proposed to bring more area under 
i r r igat ion by increasing the groundwater use so that dual purpose can 
be achieved i.e addi t ional i rr igat ion potential can be created and at 
the same t ime the r ising trend of water table may be arrested. As 
such, the avai lable groundwater resource can be ut i l ized to create an 
addi t ional i r r igat ion potent ia l of 470 Sq km by ut i l iz ing the ful l 
potent ia l . Even if 80% of that is utilized, near ly 376 Sq km 
addi t ional area may be irr igated through groundwater alone which in 
turn work out to be addit ional harnessing of nearly 244 MCM of 
groundwater . Consider ing the unit draft of 0.036 MCM, 0.09 MCM 
and 0.27 MCM for d i f fe rent categories of wells, 692 shal low private 
tubewel ls , 883 number of shal low cavity tubewells and, 98 number of 
heavy duty tubewel ls respect ively may be constructed ut i l iz ing the 
proposed 244 MCM of ground water. As 75% of the avai lable canal 
water is already ut i l ized, there is not much of a scope for fur ther 
ut i l iza t ion of canal water , however in case of groundwater only, 37% 
is present ly ut i l ized. The increase in groundwater use will have a 
posi t ive impact on the overall groundwater regime. 

S U M M A R Y A N D C O N C L U S I O N 
Gopalgan j distr ict occupies the northern part of in te r f luve 
formed by the river Gandak and Ghagra. Based on the th ickness of 
aquifer , nature of sediments like grain size, sort ing and nature of 
clay beds this in terf luve may be broadly sub-divided into two 
phys iographic units , namely Gandak sub-basin and Ghagra sub-basin. 
I r regular s loping natures of the basement on which the sediments rest 
control the th ickness of the aquifer system. It is found that wi th in 
200m depth, the thickness of individual aquifers vary f rom 10 to 
112m. The composi t ion of the sediments is not un i fo rm and clay-
part ing plays an important role in making the aquifers semi conf ined 
or conf ined below 50m depths. These aquifers have an opt imum yield 
ranging between 84m^ to 250m^ per hour for a re fe rence draw down 
of 9 .91m to 18.9m respect ively in 24 hours of pumping. The shal low 
aquifers wi th in 50m depth are either unconf ined or semi conf ined 
with over lying semi pervious clay bed. 
The geological cross section along Bi ja ipur -Gopa lgan j (Fig. 11) 
exhibi ts heterogenei ty of the aquifers , which may be due to fac ies 
var ia t ion. There is a gradual increase in thickness and number of clay 
bed eastwards . At Uchakagaon three clay beds where as at Gopa lgan j 
f ive clay beds were noticed. The thickness of granular zone 
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decreases eastwards and sorting of the aquifer mater ia l become 
poorer . On the basis of these observat ions it is in fer red that there is 
one major aquifer system in this sub-basin in the depth range of 
50-190m bgl. At Bijaipur apart f rom this major aqui fer system there 
exists a shal low aquifer in the depth range of 20-30m bgl . The major 
aqui fers , which are found within the depth range of 50-190m bgl, 
composed of medium to coarse grain sand admixed wi th occasional 
gravel and sandstone chips. It is also noticed that in the nor thern part 
of the Ghagra sub-basin, shallow aquifer in the depth range of 
20-30m bgl consist of f ine sand associated with sands tone chips do 
exist, but this aquifers is absent in the southern part . The shal low 
aqui fer wi thin the depth range of 35-50m bgl occurs in the northern 
part, which is composed of coarse sand with occasional gravel . 
Two major aquifer systems exist along Yadavpur-Baikunthpur 
axis (Fig. 11), within the depth range of 28-68m bgl and 
133-190m bgl at Yadavpur. The f i rs t one is mainly of medium grain 
sand with sandstone chips and occasional gravel, over la ined and 
under la ined by clay beds. The second one is composed of coarse sand 
with sands tone chips and occasional gravels, which is also overlained 
by clay beds. These two aquifers merge and form a single 
hydrogeological unit with top one being medium to f ine sand and the 
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bot tom consists of coarse sand and gravel. The clay par t ing 
diminishes southeaster ly but thickness of clay bed at the top and 
bottom of the aquifer increases considerably southeas tward. The 
number of clay beds decreases f rom Yadavpur to Baikunthpur . But 
the cumulat ive thickness of these clay beds increases southeas tward 
which is more real is t ic as per the principle of sedimenta t ion down 
stream. In the nor thern part of this sub-basin two aquifers of l imited 
potent ial were not iced. The top one which disappears in the central 
part but again not iced in southeastern part in the form of lenses of 
f ine sand between depth range of 0-12m bgl. 
The general ground water f low direction (Fig. 16) is f rom 
nor thwest to southeast but still there is distinct var ia t ion in the f low 
direct ion of ground water as far as both the sub basins are concerned. 
The f low in Ghagra sub basin is NNW- SSE whereas in Gandak sub 
basin it is NW-SE. The hydraul ic gradient also decreases f rom west 
to east i .e. in Ghagra sub basin it is 0 .38m/Km where as in Gandak 
sub basin it is 0 .2m/Km. In Gandak sub basin the gradient is more in 
the northern part i.e 0.2m/km and less in the southern part 
i .e .O. lm/km. The low value of hydraul ic gradient is a t t r ibuted to high 
permeabi l i ty of saturated granular format ion in the close vicini ty of 
Gandak River. 
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The opt imum yield evaluated, range between 132 m^/hr to 214 
m'^/hr in Gandak and between 148 mVhr to 168 m^/hr in Ghagra sub 
basins. This variat ion is due to two reasons, in Gandak sub basins it 
is due to the variat ion in the thickness of aquifers and in Ghagra sub-
basin it is due to the variat ion in the grain size of aqu i fe r mater ia l 
f rom place to place. 
There is a gradual decrease in hydraul ic conduct iv i ty of the 
format ion f rom north to south in general and nor theas t to southeas t in 
par t icular . In Gandak sub basin Gopalganj being an except ion where 
the value is jus t 25 m/day, which is attr ibuted to the fac ies var ia t ion, 
which make the aquifer hetrogenous with poor sor t ing of the 
sediments . The southward decrease is at tr ibuted to the depos i t ion of 
f iner c last ics by the river system reaching their older stage. In 
Ghagra sub basin the higher value of hydraul ic conduct iv i ty is 
a t t r ibuted to the deposi t ion of sediments in somewhat later part of 
the mature stage of the river system. 
There is a large variat ion in the t ransmiss iv i ty va lue of the 
aquifer , which is at tr ibuted to the variation in the grain size and 
r t ing of the sediments const i tut ing the aquifer system. The Iso-so 
t ransmiss iv i ty map (Fig. 19) reveals that there is a gradual decl ine in 
the t ransmiss iv i ty value f rom north to south in the Ghagra sub basin 
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but the Gandak sub basin exhibits a d i f fe ren t picture. The 
t ransmissivi ty value increases southward f rom 1800 m^/day to 2400 
m^/day but again decreases to 1800 m^/day in extreme south. The 
d i f ferent ia l decrease is at t r ibuted to the d i f ferent ia l th ickness of 
intercalat ing clay bed making the thickness of the aquifer more in the 
middle and less in north and south. 
The storage co-ef f ic ien t of conf ined aquifer in Ghagra sub 
basin ranges between 1.2 x 10"'' and 4.3 x lO"'^ . The value in semi-
conf ined aquifer is found to be 3.3 x 10"^ in Ghagra sub basin and 2.3 
X 10'^ in Gandak sub basin. At the same time it is observed that 
unconf ined aquifer in Ghagra sub basin have Sp yield value of 11-13 
% where as in Gandak sub basin it is 12-14 %. 
The Phreat ic aquifer in Ghagra sub basin occur in the depth 
range of 30m bgl. The Storat ivi ty value was found to be more than 
10"'. The t ransmissivi ty value ranges between 500-700 m /day. The 
yield of these aquifers ranges between 20-30 mVhr. These aquifers 
exist in the close vicini ty of major river. It is observed that wherever 
the grain size of the sediments is coarser in nature the t ransmiss iv i ty 
value is as high as 700 m^/day. In Gandak sub basin it occurs 
between 12-28m bgl where the aquifer is composed of f ine sand and 
kankar. Transmiss ivi ty ranges between 500-700 m^/day. 
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Transmiss ivi ty increases towards northeast direct ion and decreases in 
southwest direct ion. It may be due to the deposi t ion of coarser 
sediments near Gandak River. 
In the eastern, southern and northern parts of the dis tr ict non-
leaky artesian aquifers occur in Ghagra sub basin be tween 
50-150m bgl .The storat ivi ty value is less than lO""*. The 
t ransmiss ivi ty value gradual ly decreases f rom north to south, which 
may be at t r ibuted to the poor sorting of the sediments and deposi t ion 
of f iner clast ics . There is a wide variation in the spec i f ic capaci t ies 
of wells f rom place to place which may be at t r ibuted to the var ia t ion 
in aquifer disposi t ion; because the discharge- drawdown rela t ion of 
any well , largely depends on the construct ion of well , type of 
aquifers tapped in the well and its T and S values. In Gandak sub 
basin it is not so common and only found in the wes tern part of the 
basin. It may poss ibly due to the confining clay bed in the study area 
which is most ly impure and contain silt, kankar and sandstone chips 
that make the conf in ing layer leaky so to name it an aqui tard in the 
basin. The t ransmiss iv i ty values were observed to be as low as 1200 
m^/day. The poor sort ing and deposit ion of f ine sand may be 
responsible for the low transmissivi ty value. The p iezometer ic head 
197 
of these aquifers is found to be quite high as the S.W.L. in the well 
tapping these aquifers is recorded to be as shal low as 3.87m bgl. 
In the Ghagra sub-basin leaky artesian aqui fer exist in the 
western part around Bi ja ipur block in the depth range of 50-150 
mgbl. The well tapping this type of aquifer y ie lded 200 m^/hr for a 
drawdown of 8.62 m in 24 hours of pumping. The Transmiss iv i ty was 
evaluated to be 1472 m /day. In the Gandak sub-basin the conf in ing 
clay beds are most ly impure and contain silt, kankar and sandstone 
chips which makes the conf in ing layer leaky so to name it an 
aqui tard. The aquitard becomes thicker in the Southeas tward 
direct ion sa t i s fy ing the pr inciple of sedimentat ion. 
The value of Nitrate is found to be within the permiss ib le 
l imits in the entire study area with an exception of a higher value i.e 
of 118 mg/1 at Barkibaghi . The higher value is a t t r ibuted to the 
possible seepage f rom the ad jacen t septic tanks contaminat ing the 
ground water system in a local ized fashion. Groundwater s t ructure 
should be instal led consider ing the source of contaminat ion and save 
the groundwater resource f rom being contaminated otherwise it will 
be very d i f f icu l t to retr ieve the situation in fu ture . The f luor ide 
content at three locat ions in Ghagra and one in the Gandak sub basin 
is found to be on higher side. It is a conclusive fac t that 
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concentra t ion of F between 0.6 to 1.2 mg/1 is des i rable in potable 
water whi le high concentrat ion causes teeth mott l ing and still h igher 
concentra t ion may lead to skeletal f lourosis . Minera ls like Topaz, 
Apat i te and Phosphat ic nodules contains, f luor ide. As a resul t of the 
rich mineral content Flouride leaches out and contaminate the ground 
water . Fluor ine being an electronegat ive e lement and having a 
negat ive charge is at t racted by positive ions like Ca^^, which is 
abundant in bone and teeth of human body. The excess use of 
phosphate in agricul ture may form phosphetic nodules in the soil. 
This may be the reason for excess f luor ide content in ground water at 
the said locat ions . It is s t rongly advocated that de f luor ida t ion plant 
may be insta l led in these areas. If the situation fu r the r worsens then 
ar t i f ic ia l recharge techniques can be adopted to di lute the 
concentra t ion of f luor ide and improve the qual i ty of groundwater at 
these locat ions . Ground water of this interf luve l ies in Ca-Mg-HCOa 
type. These data were also compared with the s tandards like WHO, 
ISl, ICMR. In view of above observations it is found that the ground 
water in most of the study area is quite suitable for domest ic uses. 
Quali ty cr i ter ia for i rr igat ion were also es tabl ished. On the basis of 
SAR, (Fig. 27) value, the ground water for i r r igat ion in the study 
area comes under the categories of C3-S1, C2-S1 and C4-S1, which is 
good for i r r igat ion. 
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The specif ic yield of the format ion, evaluated in the distr ict is 
found to range between 12 to 14%. The gross annual draf t by the 
ground water s tructures in the district was calculated af ter carrying 
out a random sampling of discharge of d i f fe ren t ground water 
s tructures. The 20% of the gross annual draf t is presumed to be 
recharging the ground water body. The dis t r ic t has a ut i l izable 
ground water resources of 583.7 MCM, out of which only 220.3 
MCM is ut i l ized so far leaving a huge balance of 363.63 MCM, it 
means that only 37% is ut i l ized. If we assumed that there would be 
development at the rate of 2% per year then also all the blocks of the 
district will remain white i.e. having ground water development 
below 65%. 
There is ample scope of groundwater deve lopment in this part 
of in ter f luve . The r ising t rends of the water table have been observed 
which may be due to d i f fe ren t reasons, such as development of 
surface and ground water in complete isolat ion, change of cropping 
pat tern, absence of adequate drainage system, seepage through canal 
system, etc. The present ground water development is not adequate 
enough to decrease ground water storage substant ia l ly because of 
adequate ra infal l , return f low f rom surface water i r r igat ion and 
conveyance loss f rom the canal due to non-maintenance. 
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By reducing the recharge and increasing the discharge f rom the 
phreat ic aquifers in the problem area, this si tuation of water logging 
may be improved or the area which have become prone to water 
logging can be made non-prone to water logging. 
Maximum uti l izat ion of supplementary i r r igat ion is dur ing Rabi 
period. The net area sown consti tutes only 79% of the total 
geographica l area. Out of the total net area sown only 41.5% is being 
irr igated, ut i l iz ing the surface as well as groundwater resources . 
The present crop-water requirement is 780.62 MCM. The 
present avai labi l i ty of ground water and surface water is to the tune 
of 583.7 MCM and 288.51 MCM respect ively in the study area, out 
of which 220.05 MCM from ground water and 214.06 MCM is 
ut i l ized f rom surface water. The present ut i l izat ion of surface and 
groundwater creates an irr igat ion potential of 667.69 sq km, of which 
canal water i rr igates an area of 330 sq km and groundwater 
338 sq km. 
Consider ing the r ising trend of water level, avai lable option for 
optimal ut i l izat ion of surface and groundwater , two feas ible 
scenarios were generated. In the f irs t scenario it is assumed that, if 
the exi t ing cropping intensi ty of 152% is continued and the 
groundwater ut i l izat ion increases f rom 50% to 70%, then addi t ional 
201 
i r r igat ion potent ial of 130 Sq km may be genera ted . This would 
require near ly 85 MCM of addit ional g roundwater development . 
Consider ing the unit draf t of 0.036 MCM, 0.09 MCM and 0.27 MCM 
for d i f fe ren t categories of wells, 454 shallow pr ivate tubewel ls , 578 
number of shal low cavity tubewel ls and, 65 number of heavy duty 
tubewel ls respect ively, may be constructed. The addi t ional draf t of 
85 MCM will certainly restr ict the r ising trend of groundwater level. 
In the second scenario, it is proposed to br ing more area under 
i r r igat ion by increasing the groundwater use. As such, the available 
groundwater resource may be uti l ized to create an addit ional 
i r r igat ion potent ia l of 470 Sq km by uti l izing the fu l l potent ia l . Even 
if, 80% of that is ut i l ized, nearly 376 Sq km addi t ional area may be 
i r r igated through groundwater alone which in turn work out to be an 
addi t ional harness ing of nearly 244 MCM of groundwater . 
Cons ider ing the unit draf t of 0.036 MCM, 0.09 MCM and 0.27 MCM, 
for d i f fe ren t categories of wells , 692 shal low pr ivate tubewel ls , 883 
number of shallow cavity tubewells and, 98 number of heavy duty 
tubewel ls respect ively, may be constructed ut i l iz ing proposed 244 
MCM of ground water. 
A modern agricul tural management in this part of the in ter f luve 
has to take into account the ef fec t ive management techniques 
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involving economic dis tr ibut ion of water by ut i l iz ing the surface and 
ground water in conjunc t ion judic iously , mainta in ing minimum 
pumping hours and choosing most suitable cost e f f ec t ive cropping 
pat tern. It has to be seen that tubewells constructed are ne i ther under 
nor over ut i l ized so that the aquifers are not s t ra ined and the 
maximum benef i t s are not denied to the farmers . 
It is s trongly advocated to rehabil i tate ground water s t ructures 
a l ready created but which have become defunct later. This would not 
only inculcate a sense of conf idence amongst the benef ic i a r i e s but 
also.wil l help to boost overall product ivi ty through mul t ip le cropping 
and wil l generate addi t ional employment opportuni ty. 
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LOCATIONS LONGITUDE fE^ LATITUDE 
Bahadura 84° 42' 26° 18' 
Baikunthpur 84"^  5' 3 0 " 26° 31' 3 0 " 
Bakhar iyan 84° 6' 26° 29' 
Baluansagar 84° 21' 26° 34' 
Bangra 84° 26' 26° 33' 
Barabarehan 84° 36' 26° 24' 
Baraul i 84° 35' 26° 23 
Barawan 84° 19' 26° 22' 3 0 " 
Bargachia 84° 15' 26° 28' 3 0 " 
Barkagaon 84° 15' 3 0 " 26° 25' 
Barkibaghi 84° 16' 26° 19' 
Bathua Bazar 84° 14' 26° 29' 
Bel iwa Tiwari 84° 8' 26° 32' 
Berutola 84° 24' 26° 26' 
Bhagwanpur 84° 45' 3 0 " 26° 16' 
Bharkuaiya 84° 28' 3 0 " 26° 26' 
Bhore 84° 6' 26° 27' 
Bi ja ipur 84° 22' 3 0 " 26° 34' 
Bishambharpur 84° 29' 26° 21' 
Bualuhi Dayaram 84° 5' 3 0 " 26° 34' 3 0 " 
Cont. 
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Chainpat t i 84° 25' 26° 29' 
Chainwabe 84° 23' 26° 24' 3 0 " 
Danapur 84° 29' 26° 25' 
Devapur 84° 33' 26° 24' 3 0 " 
Dharamparsha 84° 30' 26° 21 
Dighavan 84° 44' 3 0 " 26° 14' 3 0 " 
Dighwadiqual i 84° 44' 26° 16' 
Fatehpur 84° 15' 3 0 " 26° 24' 3 0 " 
Fazi l lahpur 84° 49' 26° 14' 3 0 " 
Gopalganj 84° 27' 26° 28' 
Hasanpur 84° 39' 3 0 " 26° 27' 
Hathua 84° 18' 26° 21' 3 0 " 
Itwa 84° 21' 26° 23' 
Jagannathan 84° 30' 26° 26' 3 0 " 
Jagdishpur 84° 47' 3 0 " 26° 12' 3 0 " 
Ja inunund 84° 17' 26° 21' 
Kahala 84° 32' 26° 22' 3 0 " 
Kahala Mosque 84° 31' 3 0 " 26° 22' 
Kanahwa 84° 23' 26° 29 ' 3 0 " 
Katalpur 84° 45 ' 3 0 " 26° 13' 3 0 " 
Katea 84° 5' 26° 34' 
Khaptola 84° 24' 26° 29' 3 0 " 
Khurrampur 84° 44 ' 3 0 " 26° 20' 3 0 " 
Cont.... 
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Kuchaikot 84° 19' 3 0 " 26° 33' 3 0 " 
Lainibazar 84° 16' 26® 25' 3 0 " 
Mahatwa 84° 11' 3 0 " 26° 31' 3 0 " 
Majhau l ia 84° 8' 26° 34' 
Mangalpur 84° 40' 26° 16' 3 0 " 
Manichhapar 84° 17' 26° 22' 
Manjha 84° 30' 26° 24' 3 0 " 
Maripur 84° 15' 26° 28' 
Mathi 84° 18' 26° 3 1' 
Mirganj 84° 20' 26° 22' 3 0 " 
Misirbtha 84° 12' 26° 27' 
Misrbahadura 84° 1' 26° 28' 
Mohammadpur 84° 41' 3 0 " 26° 20' 3 0 " 
Naruchakarwan 84° 5' 26° 27' 
Phulwaria 84° 15' 26° 28 ' 
Rampur 84° 22' 3 0 " 26° 32' 3 0 " 
Rampurkala 84° 10' 3 0 " 26° 27' 
Rewat i th 84° 42' 26° 17' 
Sohneria 84° 4' 3 0 " 26° 32' 
Salempur 84° 38' 3 0 " 26° 28' 
Sar ianpahar 84° 40' 26° 25' 
Sasamusa 84° 2 1 ' 3 0 " 26° 32' 
Shampur 84° 28' 3 0 " 26° 26' 3 0 " 
COM... , 
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Shivpur 84° 12' 3 0 " 26° 27' 30 
Sidhar ian 84° 11' 26° 34' 
Sipaya 84° 22' 26° 34' 30 
Sirs iabazar 84° 21' 3 0 " 26° 31' 30 
Sisai 84° 6' 26° 25 ' 
Turkahan 84^ 25' 26« 27 ' 30 
Uchkagoan 84° 18' 3 0 " 26° 33' 
Yadavpur 84° 25' 26° 31' 
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A N N E X U R E - V I I 
N U M B E R OF S A M P L E S A N D F R E Q U E N C Y D I S T R I B U T I O N 
OF C H E M I C A L C O N S T I T U E N T IN G R O U N D W A T E R 
S A M P L E S 
Electrical Conductivi ty (nS/cm) Magnesium (mg/l ) 
Range No. of % Range No. of % 
samples Frequency sample Frequency 
0-500 0 0 0-30 6 13.3 
500-1000 22 48.8 30-60 32 71.1 
1000-1500 15 33.3 60-90 5 11.1 
1500-2000 5 11.1 90-120 2 4.4 
>2000 3 6.6 
Potassium (mg/l) Calcium (mg/l) 
Range No. of % Range No. of % 
samples Frequency samples Frequency 
0-50 39 86.6 0-50 0 0 
50-100 1 2.2 50-100 36 80 
100-150 3 6.6 
100-150 9 20 
150-200 2 4.4 
Cont . 
234 
Sodium (mg/1) Bicarbonate (mg/1) 
Range No. of % Range No. of % 
samples Frequency samples Frequency 
0-30 8 17.7 0-200 0 0 
30-60 19 42.2 200-400 28 62.2 
60-90 10 22.2 400-600 16 35.5 
90-120 1 2.22 600-800 1 2.2 
120-150 5 11.1 
150-200 2 4.4 
Hardness (mg/I) Chloride (mg/1) 
Range No. of % Range No. of % 
samples Frequency samples Frequency 
0-200 0 0 0-100 17 37.7 
200-400 30 66.6 100-200 19 42.2 
400-600 15 33.3 200-300 6 13.3 
>300 3 6.6 
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